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PEEFAOE TO THE FIRST EDITION. 



This Work is intended as a Guide to the Officers of all grades 
of the Merchant Service, in the examinations they are re- 
quired to undergo before the Local Marine Board. It will be 
issued in Two parts : — Part I containing what is termed the 
Ordinary Examination, and Part II containing the Extra 
Examination. 

The present volume, which relates to the Ordinary Exami- 
nation, contains model solutions of examples in the various 
problems required of Candidates when under Examination, 
with numerous Exercises to each problem, together with a 
variety of Examination Papers. It also contains all requisite 
information respecting the Deviation of the Compass ; Lights 
of the English, St. George's, and Bristol Channels, &c. ; 
Stowage of Cargoes ; Invoices ; Charter Party ; Bottomry 
Bonds, &c. 

In the preparation of the articles on Seamanship, the fol- 
lowing works have been consulted : — " The Kedge Anchor," 
by W. Brady, U.S.N. ; "The Seaman's Friend," by R. H. 
Dana, jun. ; "The Sheet Anchor," by Darcy Lever, Esq.; 
while my • obligations to other works have been duly ac- 
knowledged. The works of Abbott, Lees, Steele, and 
M'CuLLOCH, &c., are the authorities thart have been consulted 
on the subjects of Charter Party, Bills of Lading, &c., &c. 

South Shields, July votk, 1856. 
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ADVEKTISEMENT 

TO 

THE EIGHTH EDITION. 



This Edition of the "Guide Book" has been very materially 
increased in size, principally by the insertion of such ex- 
planatory matter as seemed necessary to a clearer exposition 
of the various subjects contained in the work. The Answers 
to all the examples for exercises have been removed and 
placed at the end of the book, which arrangement it is 
believed will be found better than that of appending them 
to the questions themselves. The work has been carefully 
revised throughout, and will, it is hoped, be found still 
more useful to persons qualifying for Examination. Part 
II, containing the Extra Examination, is now in the Press, 
and will shortly be issued. 

T. L. A. 

Soufb Shields f May i^hy 1864. 



EllRATA ET COKllIGENDA. 






I'agc 6, liuo 13 from top, supply "ho must bobble to find the bearing and distuiujo 
of the port bound to, by Mercator's Method." 

„ 30, Ex. 13, index of log. of product should be 6. 

32, Ex. 7, for '003010, road '03010. 

39, line II from bottom, for "to find the log. sine of 120° 24','' road 110^ 24'. 

„ 65, Ex. 2, for S.W. J W., read S.E. | E. 

„ 176, for magnetic azimuth 8. 92° 30' o'' E., read N. 92° 30' o'' E. 

„ 1 84, Latitude by Raper mark S. instead of N. 

„ 189, Ex. 4, mark observed altitude N. instead of S. 

„ 226, Ex. 5, for XJshant, read La Heve. 

„ 277, Ushantf for N.E. point of Island, read S.W. The light on N.E. end is a 
fixed light as before. 

„ 316, Ex. 2, division by logarithms, for ^S'l^, read 96*16. 

„ „ Ex. 8, „ „ for 14-66, read 12-35. 

„ 324, Ex. 3, for i^' 49™ P.M., read i^ 47™ p.m. 

„ 324, Ex. 1 3, the A.M. tide should be 1 1^ 25™, and the p.m. tide 1 1^ 50™. 

„ 327, Ex. 5, bottom line, log. of diff. long, should be 2*232899, and difF. long. 171-0, 



j, 47, line 7 from bottom of page, for 50°, read 45°. 
„ 66, Ex. 17, for off S.W. by W., read off S.^. by 8. 
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79, first line from bottom, for 22*6, read 226. 
]\ 121, Ex. 2, the red. decl. should be 20° 7' 31* N. 
„ 141, Ex. 18, for long 12° 52' W., read 40° 43' W. 

„ 145, line 6 from top, on the right hand, for 8th, 13^* 33", read 8th, 13^ ii». 
„ 159, Ex. 6, for decl. if i' $5" N., read 23° i' ss" «• 
„ 206, for 999'43» ^^^ 99943- 
„ 318, mid. lat., Ex. 3, tor i^ 20}, read 2*10}. 
„ 318, long, in, Ex. 12, the correct answer is 92° 9' E. 
„ 322, first line from bottom, Ex. 11, for 14° 17' 14", read 14® 16' 59^. 
„ 331, Paper VIII, No. 3, for dist. 35-4, read 43. 
„ 332, first line for Aug. lo*" 20^ 37«n 39% read ig^ 20*» 37" 4i». 
„ 332, £^. II, mark decl. M. instead of S. 

334, Paper XII, Ex. 3, lat. in should be 49° 35''5 N., diff. long. 13', und long. 

in 40° 13' W. 
334, Paper XII, Ex. 10, for variation 6® 18' 29* E., read 7° 18' 29* E. 
t* 334, Paper XTTT, the answer given is that for another question. Substitate the 

following: Green, date i7«* 2i*» 2i» 54*; red. decl. 10° 53' 29* N,; true 

alt. 38** 22' 36* ; red. eq. time sub. o» 43* ; hour angle 2^ 40™ 36* ; long. 

qO 48' 15' W. 



tt 



tt 



f9 



jj6, Ex. p for p^ J™ p.x^read o** jo™ p.m. 
jjz, Ea/fliah Mn4 Bnstol Ohazmels. Ex. 10, for di&t 16, r«ad 21. 
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NOTICE OF EXAMINATIONS 

OP 

MASTEES & MATES OF FOKEIGN-GOING SHIPS 

AND OF 

HOME TEADE PASSENGEE SHIPS, 

EataUkJied in jpursuance of the Mercantile Shipping Act, 1 854 ; 

AND OF 

VOLUNTARY EXAMINATIONS IN STEAM. 



Under the provisions of the Merchant Shipping Act, 1854, (17 and 
18 Vict., c. 104, ss. 136 — 161,) no Foreign-going Ship* or Home Trade 
Passenger Shipf can obtain a clearance or transire, or legally proceed 
to sea, from any port in the United Kingdom, unless the Master thereof, 
and in the case of a Foreign-going Ship, the First and Second Mates 
or Only Mate (as the case may be), and in the case of a Home Trade 
Passenger Ship, the First or Only Mate (as the case may bo), hare 
obtained and possess valid Certhioates, either of Competency or 
Service, appropriate to their several stations in such ship, or of a 
higher grade ; and no such ship, if of one hundred tons hurdenj or upwardsy 
can legally proceed to sea unless at least one Officer besides the Master 
has obtained and possesses a valid Certificate, appropriate to the grade 
of Only Mate therein, or to a higher grade ; and every person who, 

• By a Foroign-going Ship is moant one which is bound to somo place out of the 
Unitoa Kingdom, beyond the limits included between the river Elbe and the harbour 
of Brest. 

t By a Homo Trade Passenger Ship is moant any Ilomo Trade Ship employed in 
carrying passengers ; and it is to be observed that Foreign Steam Shipsy when employed 
in carrying Passengers between places in tlie United Kingdotriy are Hubjoct to all the pro- 
visions of tho Act, as regards Certificates of MusterH and Mutes, to which British 
Steam Ships are subject (s. 291). 

B 



2 NOTICE OF EXAMIXATIONS 

having been engaged to serve as Master, or as First, or Second, or Only 
Mate of any Foreign-going Ship, or as Master, or First or Only Mate 
of a Home Trade Passenger Ship, goes to sea as such Master or Mate, 
without being at the time entitled to and possessed of such Certificate 
as the Act requires, or who employs any person as Master, or First, or 
Second, or Only Mate of any Foreign-going Ship, or as Master, or 
First, or Only Mate of any Home Trade Passenger Ship, without 
ascertaining that he is at the time entitled to and possessed of such 
Certificate, for each offence incurs a 'penalty not exceeding Fifty Pounds. 

Every Certificate of Competency for a Foreign-going Ship is to be 
deemed to be of a higher grade than the corresponding Certificate for 
a Home Trade Passenger Ship, and entitles the lawful holder to go to 
sea in the corresponding grade in such last-mentioned ship : but no 
Certificate for a Some Trade Passenger Ship entitles the hold^ to go to sea 
as Master or Mate of a Foreign-going Ship, 

A Certificate of Service entitles an Officer, who has already served as 
either Master or Mate in a British Foreign-going Ship before the ist 
January, 1851, or as Master or Mate in a Home Trade Passenger Ship 
before the ist January, 1854, to serve in those capacities again ; and it 
also entitles an Officer who has attained, or attains the rank of Lieu- 
tenant, Master, passed Mate or Second Master, or any higher rank in 
the Service of Her Majesty, or of the East India Company, to serve as 
Master of a British Merchant Ship, and may be had by application to 
the Registrar-General of Seamen, Adelaide Place, London, or to any 
Shipping Master in the Out-Ports, on the transmission and verification 
of the necessary Certificates and Testimonials. 

Certificates of Competency will be granted to those persons who pass 
the reqidsite Examinations, and otherwise comply with the requisite 
conditions. For this purpose Examiners have been appointed under 
the Local Marine Boards, and arrangements have been made for holding 
the examinations at the under-mentioned ports, upon the days specified 
against them ; and these days are so arranged iojc general convenience, 
that a candidate wishing to proceed to sea, and missing the day at his 
own port, may proceed to another port where an examination is coming 
forward. 

The days for commencing the Examinations at the various Ports are 
as follow : — 
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PLACES. DAYS. 

'^Aberdeen ... .On the first and third Friday and Satiu'day in each 

month ; and additional Examinations when circum- 
stances require. 
Belfast First and third Tuesday in each month. 

* Bristol First and third Tuesday in each month. 

Cork Second and fourth Monday in each month. 

Dublin First and third Tuesday in each month. 

''^Dundee Saturday in each week. 

* Glasgow . . . . | Thursday and Friday in each week, held alternately at 

* Greenock . . . ./ each place. 

^JTull Second and foiu'th Tuesday in each month. 

*Zeith Second and fourth Tuesday in each month. 

^Liverpool . . . .Monday, Tuesday, Thursday, and Friday in each week. 

^London Examinations in Navigation commence every Monday 

at 10 A.M., and the Examinations in Seamanship as 
soon after as the Candidates may have finished their 
Navigation. All applications for Examination must 
be made on Friday from lo till 4, and on Saturday 
from 10 till 2. 

The Examination of Master or Mate in Steam will 
be held on Friday in each week, and any application 
can be received before that day. 

^Newcastle .... First day in each month not being Sunday. 

^Plymouth .... First and third Wednesday in each month. 

* Shields Eleventh and twenty-sixth pf each month not being 

Sunday, from October to May. Eleventh day only 
in June, July, August, and September. 
*Sunderland . . Sixth and twenty-first of each month not being Sunday, 

from October to May. In June, July, August, and 
September, on the twenty-first day only. 

GENEEAL EULES AS TO THE EXAMINATIONS. 

Aj)plicant8 for Examination must give their names to the Shipping 
Master, or to the Local Marine Board at the place where they intend to 

* At those places Extra Examinations are hold. 
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be examined, on or before the day of examination, and must conform 
to any regulations in this respect which may be laid down by the Local 
Marine Board ; and if this be not done, delay may be occasioned. 

Testimonials as to Character, Sobriety, Experience, Ability, and 
Good Conduct on board ship, will be required of aU applicants, and 
without producing them no person will be examined. As such testi- 
monials may have to be forwarded to the office of the Registrar-General 
of Seamen in London, for verification, before any Certificates can be 
granted, it is desirable that Candidates should lodge them as early as 
possible. Testimonials of servitude on board Foreign Vessels, before 
being received by the Examiners, are to be confirmed either by the 
endorsement of the Consul of the Country to which the Ship belongs, 
or by some other recognized Official Authority of that Country, or by 
the Testimony of some credible person on the spot having personal 
knowledge of the facts required to be established. Upon application 
to the Shipping Master, Candidates will be supplied with a form, which 
they will be required to fill up and lodge with their Testimonials, in 
the hands of the Examiners. 

The examinations will commence early in the forenoon on the days 
specified for each place, and will be continued from day to day until aU 
the Candidates whose names appear upon the Shipping Master's list on 
the day of examination are examined. 

The Candidates will be allowed to work out the various problems in 
Navigation according to the Method and the Tables they have been 
accustomed to use, and will be allowed five hours to perform the work, 
at the expiration of which, if they have not finished, they wiU be de- 
clared to have failed, imless the Local Marine Board see fit to extend 
the time. 

FEES TO BE PAID BY APPLICANTS FOR 

EXAMINATION. 

The Fee for Examination must be paid to the Shipping Master. If 
a Candidate fail in his examination, half the fee he has paid will be 
returned to him by the Shipping Master, on his producing a document 
which win be given him by the Examiner. 

The fees are as follow : — 
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For Foreign-going Ships. 

Second Mate £ioo 

First and Only Mate, if previously possessing 

an Inferior Certificate o lo o 

If not • loo 

Master, whether Extra or Ordinary ... 200 
For Some Trade Passenger Ships, 

Mate £0 10 o 

Master loo 

Any one who has been one year in possession of a Master's First- 
class Certificate, granted by one of the former Boards of Examiners, or 
of an Ordinary Master's Certificate of Competency, granted under the 
present Examiners, may pass an Extra Examination, and receive an 
Extra Certificate in exchange for his former one, without payment of 
any fee ; but if he fails in his first Examination, he must pay half a 
Master's fee on his coming a second time ; and the same sum for every 
subsequent attempt. 

If an applicant passes, he will receive a document from the Examiner, 
which will entitle him to receive his Certificate of Competency from the 
Shipping Master at the port to which he has directed it to be forwarded. 
If his testimonials have been sent to the Registrar to be verified, they 
will be returned with his Certificate. 

If an applicant is Examined for a higher rank, and fails, but passes 
an Examination of a lower grade, he may receive a Certificate ac- 
cordingly ; but no part of the fee will be returned. 

In all cases of complete failure, the Candidate must be Examined de 
novo ; and in case of failure in Seamanship, a Candidate will not be re- 
examined until after a lapse of six months, to give him time to gain 
experience. 

As the Examinations of Masters and Mates are made compulsory, 
the qualifications have been kept as low as possible ; but it must be 
distinctly understood, that it is the intention of the Board of Trade to 
raise the standard from time to time, whenever, as will no doubt be 
the case, the general attainments of Officers in the Merchant Service 
fihall render it possible to do so without inconvenience ; and Officers are 
strongly urged to employ their leisure hours, when in port, in the ac- 
quirement of the knowledge necessary to enable them to pass their 
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Examinations; and Masters will do well to permit Apprentices and 
junior OflBicers to attend Schools of Instruction, and to afford them as 
much time for this purpose as possible. 

QUALIFICATIONS FOE CERTIFICATES OF COMPETENCY 

FOE A FOEEIGN - GOING SHIP. 

A SECOND MATE must be seventeen years of age, and must have 
been four years at sea. 

In Navigation. — He must write a legible hand, and understand the 
first four rules of Arithmetic, and the use of Logarithms. He must be 
able to work a Day's Work complete, viz., — to correct the Courses 
steered, for Variation and Leeway ; to find the Course and Distance made 
good, and the Latitude in and Longitude in by the Dead Eeckoning ; 
also to find the difference of Longitude by Parallel Sailing. He must 
be able to correct the Sun's Declination for Longitude, and find his 
Latitude by Meridian Altitude of the Sun ; and work such other easy 
problems of a like nature as may be put to him. He must understand 
the use of the Sextant, and be able to observe with it, and read off the 
arc. 

In Seamanship. — He must give satisfactory answers as to the rigging 
and unrigging of ships, stowing of holds, &c. ; must understand the 
measurement of the log line, glass, and lead line ; be conversant with 
the rule of the road, as regards both steamers and sailing vessels, and 
the lights carried by them. 

An ONLY MATE must be nineteen years of age, and have been^^ 
years at sea. 

In Navigation. — ^In addition to the qualifications required for a 
Second Mate, an Only Mate must be able to find the Bearing and Dis- 
tance of the port he is bound to, by Mercator's Method : he must be 
able to observe and calculate the Amplitude of the Sun, and deduce the 
Variation of the Compass therefrom ; and also be able to find the 
Longitude by Chronometer by the usual methods, from an observation 
of the Sun. . He must know how to lay off the Place of the Ship on the 
Chart, both by Bearings of known objects, and by Latitude and Longi- 
tude, He must be able to use a Sextant and determine its error, and 
adjust it ; and find the Time of High Water from the known time at 
Full and Change. 
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7w Seamanship. — In addition to wliat is required by a Second Mate, 
he must know how to mcor and unmoor, and to keep a clear anchor ; 
to carry out an anchor ; to stow a hold ; and to make the requisite 
entries in the ship's log. 

A FERST MATE must be nineteen years of age, and have served ^r^ 
years at sea, of which one year must have been as either Second or 
Only Mate, or as both* 

In Navigation, — ^In addition to the qualifications required for an Only 
Mate, a First Mate must be able to observe Azimuths and compute the 
Variation ; to compare Chronometers and keep their Eates ; to find the 
Latitude by single Altitude of the Sun off the Meridian ; and bo able 
to use and adjust the Sextant by the Sun. 

In Seamanship — In addition to the qualifications required for an Only 
Mate, a more extensive knowledge of seamanship will be required, as 
to shifting large spars and sails, managing a ship in stormy weather, 
taking in and making sail, shifting yards and masts, &c., and getting 
cargo in and out; getting heavy spars and weights, anchors, &c., in 
and out ; casting ship on a lee shore : and securing the mast in the 
event of accident to the bowsprit. 

A MASTER must be twenty-one years of age, and have been six years 
at sea, of which one year must have been as First or Only Mate, and 
one year as Second Mate, or two years as First and Only Mate. 

In addition to the qualifications for a First Mate, he must be able to 
find the Latitude by the Meridian Altitude of a Star, &c. He will be 
examined in so much of the Laws of the Tides as is necessary to enable 
him to shape a course and to compare his soundings with the depth 
marked on the^Charts. He will be inquired of as to the nature of the 
Attraction of the ship's iron upon the compass, and as to the method 
of determining it. He must possess a sufficient knowledge of what he 
is required to do by law, as to entry and discharge, and the manage- 
ment of his crew ; and as to penalties and entries to be made in the 
Official Log. He will be questioned as to his knowledge of invoices, 
charter-party, Lloyd's agent, and as to the nature of bottomry ; and 
he must be acquainted with the leading Lights of the Channel he has 
been accustomed to navigate, or which he is going to use. 

♦ Service in a superior capacity is in all cases to bo equivalent to service in an in- 
ferior capacity. 
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In cases where an applicant for a Certificate as Master Ordinary has 
only served in a fore-and-aft rigged vessel, and is ignorant of the 
management of a square rigged vessel, he may obtain a Certificate on 
which the words ^^fore-and-aft rigged vessely'*^ will be written. This is 
not however, to apply to Mates, who being younger men, are expected 
for the future to learn their business completely. 

An EXTRA. MASTER'S EXAMINATION is intended for such 
persons as wish to prove their superior qualifications, and are desirous 
of obtaining command of ships and steamers of the first class. Before 
being examined for an Extra Master's Certificate, an applicant must 
have served one year either as a Master with an Ordinary Certificate of 
Competency, or as a Master having a First Class Certificate, granted by 
one the former Boards of Examiners. 

In Navigation, — ^As the vessels which such Masters will command 
frequently make long voyages, to the East Indies, Pacific, &c., the 
candidate will, in the first place, have to make all the Computations 
required of Master Ordinary, after which he must work a Lunar 
Observation by both Sun and Star ; determine the Latitude by the 
Meridian Altitude of the Moon and by the Polar Star off the Meridian ; 
and find the Latitude by double Altitudes of the Sun, and verify the 
result by Sumner's Method. He must be able to calculate the Alti- 
tudes of the Sun, Moon, or Star when they cannot be observed, for the 
purposes of Lunars; find the Error of a Watch by the Method of 
Equal Altitudes ; and to correct the Altitudes observed with an artifical 
Horizon. 

He must imderstand how to observe and apply the Deviation of the 
Compass ; and to deduce the Set and Rate of the Current from the D. R. 
and Observation. He will be required to explain the nature of great 
Circle Sailing, and know how to apply practically that knowledge, but 
he will not be required to go into the calculations. He must be ac- 
quainted with the Law of Storms, so far as to know how he may probably 
best escape those tempests (common to the East and West Indies) known 
as Hurricanes, or Cyclones. 

In Seamanship, — ^The Extra Examination will consist of an enquiry 
into the competency of the party to heave a ship down, in case of accident 
befalling her abroad ; to get lower masts and other heavy weights in 
and out ; how to construct rafts, and as to his resources for the preser- 
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ration of the ship's crew in the event of wreck, and in such operations 
of a like nature, as the Examiner may consider necessary.* 

QUALTFICATIONS FOR CEETIFICATES OF COMPETENCY 
FOR HOME TRADE PASSENGER SHIPS. 

A MATE must write a legible hand, and understand the first four 
rules of Arithmetic. He must know and understand the Rule of the 
Road, and describe and show that he understands the Admiralty regu- 
lations as to Lights. He must be able to take a Bearing by Compass, 
and prick off the ship's course on a Chart. He must know the marks 
©n the lead line, and be able to work and heave the log. 

A MASTER must have served one year as a mate in the Foreign or 
Home Trade. In addition to the qualification required for a Mate, he 
must show that he is capable of navigating a ship along any coast, for 
which purpose he will be required to draw upon a Chart, produced by 
the Examiner, the Courses and Distances he would run along shore 
from headland to headland, and to give in writing the Courses and 
Distances corrected for Variation, and the Bearings of the headlands 
and lights, — and when the Courses should be altered, either to clear 
any dangers or to adapt it to the coast. He must also understand how 
to make his soundings according to the state of the Tide. 

APPROPRIATE CERTIFICATES. 

A person possessing a Master's Certificate, whether of Competency 
or Service, is eligible to command any vessels of whatsoever tonnage, 
and either Certificate is sufficient for clearance at the Custom House. 
But a condition in the Charter-party of vessels taken up by Government, 
for the conveyance of troops, stores, or emigrants, and also the Regula- 
tions of the Principal Steam Packet Companies, require that the Master 
and principal Officers shall possess Certificates of Competency. 

The First Mate may engage as Mate of any kind. 

The Only Mate as Mate when there is no other ; or a& Second Mate,^ 
when there is a First Mate. 

The Second Mate is not appropriate for any superior station, and 
must be employed only in cases where a First Mate is also engaged. 

A Certificate of Competency for a Foreign-going Ship is equivalent 

♦ The Examiner in Semnanahip, by Thomas L, Ainsloy, contains full information oa 
thlB subject, for those preparing for the Extra Examination. 

C 
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to a Oertificate of equal or lower grade for a Home Trade Passenger 
Ship, and entitles the holder to fiU the situation of Master or Mate, as 
the case may be. 

Certificates of Competency or Service may be either of a grade ap- 
propriate to the Stations held for the time being, or of any superior grade. 

N.B. — Caution to Officers procueino Certificates of Character from Owners 
AND Captains: — Certificates of Character from Owners and Captains, must par- 
ticularly include the word " Sobriety," as they cannot otherwise be received by the 
Examiners at the Local Marine Board. 

VOLUNTAEY EXAMINATIONS IN STEAM. 

Arrangements have been made for giving to those Masters, or First, 
or only Mates, who possess Certificates of Competency, or who may 
apply for such Certificates, and who desire it, an opportunity of imder- 
going an examination as to their practical knowledge of the use and 
working of the Steam Engine. 

These Examinations are conducted in connection with the other 
Examinations, in the premises and imder the superintendence of the 
Local Marine Boards, at such times as they may appoint for the purpose ; 
and the Examiners are selected by the Board of Trade, from the 
Engineer Surveyors appointed imder the Merchant Shipping Act, 1854. 

The Examination is viva voce and will not comprise intricate theo- 
retical questions, but will be such as to satisfy the Examiners that the 
applicant is competent to control the working of the engine, and has 
such a knowledge of the ordinary parts of the machinery, as will enable 
him to judge of the nature of an accident, and, in the absence of the 
Engineer, to give the necessary directions in the engine room. 

Any such person desiring to be so examined must deliver to the 
Shipping Master a statement in writing to that effect on the Schedule 
(or form) E.E. If he is already possessed of the requisite Certificate 
of Competency, he must deliver this statement to the Shipping Ma-ster, 
with his Certificate. Notice will be given of the time at which the 
applicant is to attend to be examined ; and if he passes, the Board of 
Trade will cause his Certificate of Competency to be issued, or returned 
to him with an endorsement recording that he has ** Passed in Steam.^^ 

He must also, at the same time, pay a fee of one pound ; and if he 
fails, no notice of the failure will be recorded on the Certificate, but no 
part of the fee will be returned. 



EXEEOISES 

IN THB 

SIMPLE KULES OF ARITHMETIC 

FOR 

MASTERS & MATES OF HOME TRADE PASSENGER SHIPS. 



EXEEOISES IN NUMEEATION. 
Expre£M3 m Figures : — 

1. Five hundred and ninety-eight. 

2. One thotusand, seven hundred and eighty-three. 

3. Six thousand and eighty-six. 

4. Eighty-nine thousand and sixty-three. 

5. Six hundred and three thousand, two hundred and forty. 

6. Twenty thousand, six hundred. 

7. Ninety thousand and ninety-two. 

8. Two hundred and four thousand, six hundred and forty-one. 

9. Eight hundred thousand and eight hundred. 

10. Three million, six thousand and four. 

11. Five million, thirty thousand and forty. 

12. Seven million, seven hundred thousand and six. 

13. Ten million, ten thousand and teiv. 

14. Seventy million, seven hundred and four thousand, and thirty-two. 

15. Forty-five million, three hundred and eighty-seven thousand, and twenty-five, 

16. Three hundred and forty-nine million, four thousand and sixty-five. 

17. One hundred million, ten thousand and one. 

18. Eight hundred and forty-two million, two hundred and forty-eight thousand, 

four hundred and eighty-four. 

19. Nine hundred and nine million, nine thousand and ninety-nine. 

20. Two hundred and twenty-two million, and forty. 

21. Three hundred and five million, forty thousand and eight. 

22. Seven hundred million, seven hundred thousand and seven hnndred. 

23. Two himdred and two million, two hundred and two thousand, two himdred. 

24. Nine hundred million, and nine hundred. 
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SXEBGISES IN THE SIMPLE 



Express in words : — 



I. 


123 


7- 


37654 


'3- 


6030405 


19. 


55700005 


2, 


407 


8. 


87054 


14. 


560075 


20. 


76014059 


3- 


783 


9- 


690006 


15- 


3000006 


21. 


6006606 


4. 


2760 


10. 


8047328 


16, 


1397475 


22. 


56700505 


5- 


5060 


11, 


8540326 


17. 


20084216 


23- 


120015015 


6. 


7036 


12. 

m 


5210007 


18. 


12870045 


24. 


202202200 




^^■v i-^ ■ » ^ ■ > 





25. 275008005 

26. 20084216 

27. 79030284 

28. 408076032 

29. 401400056 

30. 908500060 



EXEECISES IN SIMPLE ADDITION. 



It is usual in the applications of Arithmetic to express the operation of Addition 
by aifffu invented for the purpose : thus, the sum of 4 and 5 is expressed in the form 
4 -|- 5 ^ 9, wherein the sign -|- between 4 and 5 denotes the addition of the latter 
number to the former, and is read plus or more by ; and the sign =: between 5 and 9 
expresses the result of such addition to be 9, or the eqttcUity between the sum of the 
numbers 4 and 5, and the number 9 ; so that the arithmetical expression 4 -|- 5 =: 9 is 
read 4 plus 5 equals 9. Similarly, 2-|-3-|-7=i2, shows the sum of the three numbers 
2, 3, 7i to be 12. 



(0 


(2) 


(3) 


(4) 


(s) 


(6) 


(7) 


(8) 


32I4I3 


543123 


536123 


123456 


761284 


657890 


692387 


876578 


452734 


234512 


453215 


234561 


612874 


278679 


4956 


495 


J 3042 I 


713145 


1234 


345612 


8719 


5798 


87658 


54937 


3718 


104234 


4231 


456223 


46759 


67843 


769378 


8796 


24561 


36142 


51234 


561234 


587999 


488567 


5790 


358428 


341323 


3451 


613254 


612345 


987678 

(13) 


37429 
(14) 


87958 
(15) 


768453 


(9) 


(10) 


. (") 


(12) 


(16) 


987825 


916427 


695624 


986257 


985626 


372519 


586372 


148537 


736349 


625736 


538426 


427385 


796842 


463726 


477754 


697296 


856925 


346831 


827836 


514986 


915638 


298534 


638831 


526438 


734316 


857936 


735985 


726326 


809274 


851372 


951490 


723649 


827842 


735784 


216515 


915827 


444444 


319628 


479291 


859698 


936736 


426467 


859827 


734482 


913258 


738543 


863748 


852619 


842625 


849753 


910756 


386912 


872364 


49779' 


376546 


419648 


759519 


358358 


683625 


219863 


410698 


345345 


356633 


777777 


846325 


647846 


74584' 


391285 


742367 


679567 


459681 


999999 


987846 


386921 


526606 


842163 


946208 


161514 


453148 


SSSSSS 


333445 


666777 


888999 


615827 


807609 


131549 


567963 


724483 


335445 


666777 
(18) 


888999 


736846 
(20) 


915827 

(21) 
567453 


761346 
169964 


313499 
(23) 


952637 


(17) 


(*4) 


662593 


846Q14 


516398 


425396 


145673 


197794 


395266 


415327 


854627 


674958 


654359 


435434 


366535 


543543 


841923 


723456 


735829 


827694 


531769 


744315 


679654 


765976 


356627 


674216 


916358 


731045 


765453 


476757 


341345 


415161 


725983 


328427 


827146 


556677 


147954 


496059 


569765 


9541 3 I 


346783 


736259 


633289 


889900 


645679 


695969 


694313 


643167 



RULES OF ARITHMETIO. 
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Add together three hundred and nine million, four hundred and soventoon 
thousand, and eighty-seven ; six hundred and seventy-five thousand, and 
forty-nine; seven thousand and ninety-seven million, eight hundred and 
fourteen thousand, throe hundred and five; seventy-nine million, five hundred 
and four thousand, and forty-nine ; six thousand and seventy-eight million, 
four hundred and thirty-nine thousand, six hundred and forty-seven ; seven 
thousand million, eight hundred and seventy-six thousand, four himdred and 
twenty-nine. 



EXERCISES IN SIMPLE SUBTEACTION. 

The operation of Subtraction is indicated or expressed by the sign — , which is 
read minus or less by, with the use of the sign =: ; thus, the excess of 7 ahove 5 will 
be expressed in the form 7 — 3 = 4> which is read 7 minus 3 equals 4 : where the 
sign — between 7 and 3 denotes the subtraction of the latter from the former, and 
the sign c= between 3 and 4 shows the equality of the excess to 4. 

(•) (0 (3) (4) 

706205 804601 980001 600501 
84694 265061 980000 600492 



(5) 


(6) 


(7) 


(8) 


702001 


601002 


5OIOOI 


602004 


26000 


46003 


20106 


IIOO6 



701628 
20449 



(10) 

508000 
'129 



36479236472 
28217993216 

(22) 
32179836472 

22222222222 



403000 
26001 

(18) 
3642364231 

1284128417 



(") ('3) (m) 
393436 321298 345876 
219050 213788 123457 



('5) 

20601 I 
48605 



(16) 
123456 
65432 



(»9) 
7631026341 

5624736794 



(23) (24) 

347 9863 1 2 10 1 7987642062 

269887360189 486428462 

(27) 

lOIOOOIIIOIOII 
lOIIIOOIIOIIO 



(20) 

3462364284 

2698768796 

lOIIOOIIOIIO 
lOOIIIOIOII 



(2,) 

234762 I286I 

17467 127437 

(26) 

479863217896 
241826424862 



(28) 

3782I9362II2 
24686762421 



EXERCISES IN SIMPLE MULTIPLICATION. 



The operation of Multiplication is expressed by the sign X, which is read tM^(?, 
or multiplied ky ; thus, 5 X 7 = 35 denotes the result of the multiplication of 5 by 7 
to be 35 ; so again, 4 X 5 X 13 = 260 expresses the continued product of 4, 5, and 1 3* 



I. 
2. 

3- 
4. 



342647896 X 2 5. 91823740526 X 6 9, 

654321987 X 3 6. 6521734782 X 7 lo- 

376543198 X 4 7. 485868788 X 8 II. 

379865782 X 5 8, 573241789 X 9 12. 



987654321 X 10 
891237654 X II 

647853291 X 12 
918273654 X 12 



H 



EXEBCISES IN THE SIMPLE BJJLE8 OF ABITHMETIC. 



'3- 


58726341 X 23 


23- 


5832764985 X 4689 


14. 


78954236 X 34 


24, 


735865000 X 30700 


15. 


98765240 X 57 


25. 


958866 X 804002 


16. 


93876129 X 95 


26, 


773289 X 60503 


17. 


50014000 X 270 


27. 


437743 X 603004 


18. 


78965430 X 700 


28. 


58640987 X 98067 


19. 


43679854 X 806 


29, 


5906408 X 90064 


20. 


67869578 X 903 


30- 


93400 X 67407 


21. 


23589647 X 678 


31. 


38926392 X 77 


22. 


86483279 X 567 


32. 


29362983 X 84 



33. 


685732 X 15 


34. 


903421 X 18 


35- 


356628 X 36 


36. 


838777 X 48 


37- 


777838 X 49 


38. 


434560 X S^ 


39- 


735846 X 64 


40. 


279819 X 72 


41. 


356718 X 81 


42. 


817938 X 96 



EXEECISES IN SIMPLE DIVISION. 

The oi)eration of Division is expressed by the sign -f-, which is read by or divided 
by ; thus, 42 -f- 7 =: 6, implies that the result of the diyision of 42 by 7 is 6, 

9. 254096106 -f- 10 

10. 1101182267 -f- II 

11, 1095137170-f- II 
»2. 59437055212 -r 12 

18, ^ 987654321012345-7-66 
i9« 9357864837986496 -r- 70 

20. 483795864973206789 -f- 120 

21. 3591321391621911 -7- 132 

22. 4902550716552769 -f- 144 

26. 2741001222 1749999 -7- 37009 

27. 149778007923526 -r 618934 

28. 42243968241835 -7- 872169 



I. 135792695 -T- 2 


5. 400678593 -7- 6 


2, 584697386-7-3 


6. 276586437 -r 7 


3. 399345884-7-4 


7. 6947421006 -7- 8 


4. 298244760 -r 5 


8. 2470263075 -7- 9 



13. 6489275432689467 -f- 14 

14. 598432789648320758 -^ 22 

15. 56983475689268 -7- 36 

16. 9357864837986496 -f- 50 

17. 5986432685946896 -7. 63 

23- 987654321670 -f. 3000 

24. 1 7932 8 1 0740000 -7- 2600 

25. 14710962989869-7-1709 



MISCELLANEOUS. 

1. Express in figures, ten thousand and four. 

2. 29483 + 7648 + 32479 + 586 + 298364. 

3. From 6794006897 take 3985160534, 

4. Multiply 94785830 by 78060. 

5. Divide 5688208152 by 594. 

6. Express in figures, one hundred million, one hundred thousand and one hundred. 

7. Add together 90473, 9456, 268, 9, 45694, 4, and 87668497. 

8. Find the difference between looooooooooo and 87649786, 

9. Multiply 326904678 by 3060900. 

10, Divide 236487698743 by 85409. 

11, Express in figures, one hundred and three million, eighty thousand, two hun- 

dred and seven. 

12, Add together 69074, 6745, 723, 29, 931648, 9005, and 76245. 

13, From 78600070000 take 6974208506. 

14, Multiply 1 67 40967 8 by 7 6 8900. 

15, Divide 600000070064 by 987065. 



»5 

ON LOGAKITHMS. 



(i) Numbers such as 25, 100, 5984, 59864, &c., are called whole 
numbers or integers, in distinction to such numbers as 4^, f, '5, -94, 
'008621, &c., &Ct 

(2) Numbers such as '5, -69, '4534, &c., are called decimal fractions, 
and are less than unity, or one. 

(3) Numbers made up of whole numbers and fractions, either vulgar 
or decimal, are called mixed numbers : for instance, 368*414 is a mixed 
number, the figures which precede the decimal point (the 3, the 6, and 
the 8) are whole numbers or integers, while those which follow the 
point ('414) are decimals. 

(4) Figures, when opposed to cyphers, are called significanL Thus : 
in 864000, the 4 is the last significant figure ; in '000193, i is the first 
significant figure. 

(5) In every whole number (No. i) let a decimal point be under- 
stood after the xmit's place. Thus : 58 is 58*0, or 58'oo, &c. 

(6) Take any whole numbers, as 18, 813, 6489 ; the first consists of 
two, the second of three, and the third of four figures or digits. Again, 
in the mixed number 739*815, the whole number or integral part (739) 
consists of three digits. 

(7) Logarithms are nimibOTS calculated for the purpose of facilita- 
ting numerical operations by converting multiplication into addition 
and division into subtraction. 

(8) In a system of logarithms all nimibers are considered as the 
powers of some one number arbitrarily assumed, which is called the 
BASE of the system, and the exponent of that power of the base which 
is equal to any given number, is called the logarithm of that nimiber. 

In the common system of logarithms unity is assumed to be the logarithm of 10 ; 
that is, 10 is the constant base. All the logarithms registered in the Tables com- 
monly used, are indices of the radix or base 10 ; a table of logarithms of numbers is 
in iauci nothing more than a table of the exponents of 10 placed against the several 
numbers themselves. Accordingly — 

o is the log, of i, because i is 10^ 



1 „ 10, „ 10 „ 10* 

2 „ 100, „ 100 „ 10* 

3 „ 1000, „ 1000 „ 10* 

4 „ loooo, „ loooo „ 10* 



1 6 ON LOGARITHMS, 

Now, if the above Tables were amplified by the inBertion of the logarithms of all ther 
nmnbers between i and lo, between lo and loo, &c., we should have a Table of 
Logarithms of all numbers from i to loooo ; and, whatever may be the difficulty of 
determining the intermediate logarithms, it is at once easily seen that the logarithms 
of all numbers between i and lo will be o 4- a fraction, of all numbers between lo 
and loo will be i -|- a fraction, of all between loo and looo will be 2 -{- a fraction, 
and so forth ; or the integral part of each intermediate logarithm will be one less than 
the number of integral figures in the quantity of which it is the logarithm. Thus, 
the logarithms of 2, 3, 4, &c., to 9, have o as the integral part; those of 10, 11, 12, 
&c., to 99, have i as the integer; those of 100, 10 1, 102, &c,, to 999, have 2 as the 
integer ; and so forth. Hence Tables of Logarithms usually supply only the fractional 
or decimal part ; the integral part is always known from the number of integers in 
the value whose logarithm is wanted. 

(9) The logarithm of a number consists of two parts which are 
separated by a decimal point ; the part to the left of the decimal point 
is a whole number or integer, and is called the characteristic or index ; 
while the remaining portion which stands to the right of the point i& 
a decimal fraction and is called the mantissay and sometimes the decimal 

part. 

Example. — Li the log, 4*616339, the fi.g^ure (4) standing to the left of the decimal 
point is the characteristic or index, and the remaining portion (*6 16339) is the mantissa 
or decimal point. 

The integers i, 2, 3, 4, &c., which are the logarithms of 10 and its powers, are 
chief indices; and the logarithms intermediate to these (as for instance 1*90309, 
which is the logarithm of 80), consisting of an integer and a fraction, though they are 
also indices, are usually referred to as consisting of an index and mantissa ; the 
integral part being specially termed the index or characteristic, because it indicates, 
by being one less, how many integral places are in the corresponding natural number ; 
and the annexed decimal part being called the mantissa, which is a Latin word 
signifying an additional handfiil, something over and above an exact quantity 
Thus, in the logarithm 80, the index is i, the mantissa '90309. 

(10) The mantissa or decimal part of the logarithm of any number 
above icx> is all that is registered in the tables, the characteristic being 
foimd as follows : — 

Rule I. 

The characteristic of the logarithm of a number greater than unity, is one 
less than the number of the digits of its integer part. 

Thus : the characteristic of the logarithm of 849 is 2 ; for the number 849 is an 
integer consisting of three digits, and i less than 3 is 2. Again, the index of log. of 
2649*6 is 3, since the integral part of the number, namely 2649, consists of 4 figures, 
and I less than 4 is 3. 
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The Index of the log. of 

24 (in which there are 2 digits) is i 



3249 




4 




3 


149-6 




3 




2 


14-96 




2 




I 


1496 




I 







729806 




6 




5 



The Index of the log. of 

22-8 (in which there are 2 digits) is i 
3158 „ I „ o 

42748 ,, 5 „ 4 

427*486 „ 3 „ 2 

1 0000 „ 5 ,1 4 

729-806 „ 3 „ 2 

It has heen shown before that in the common system (Briggs') the logarithm of i 
is o ; consequently if we wish to extend the application of logarithms to fractions, we 
must establish a convention by which the logarithms of numbers less than unity may 
be represented by numbers less than zero, i.e, by negative numbers. 

Extending, therefore, the above principles to negative exponents, since 



IO« 


— I 


— 


I 





- 








10^ 


I 
10 





o-i 


T 


is 


the 


logarithm 


of -I in this system. 


io» 


I 
100 


= 


CO I 


2 






)i 


'01 „ 


IO« 


I 
1000 


= 


O-QOI 


3 






it 


•001 „ 


lO* 


I 
lOOOO 
&C., 


^^ 


0*0001 


4 
&c. 






a 


*oooi „ 



It follows from this, that the logarithm of every number between i and -i is some 
number between o and — i ; the logarithm of every nimiber between »i and 'oi is 
some number between — 1 and — 2 ; the logarithm of every number between 'oi and 
•001 is some number between — 2 and — 3, and so on. 

The chaxacteristics of the logarithms of all numbers less than unity 
are negative, and may be found by 

EuLB n. 

The Characteristic of the logarithm of a number less than unity, and re- 
duced to the decimal form, is negative and one greater than the number of 
cyphers following the decimal point. 

A negative characteristic is denoted by writing over it the negative 
sign (-), thus 7, 2, 3, &c. 

Thus the characteristic of the logarithm of '0052 1 is 5, since the number of cyphers 
following the decimal point increased by i is 3. 

Similarly the index of log, of -156 is 7» 



» 


» 


•0156 


is 


.2*, 


» 


it 


•00046 


is 


4- 


» 


it 


•000000721 


is 


7. 



But in order to avoid the confusion that might arise by the addition 
and subtraction of negative indices, the following rule is frequently 
used. 

D 



w 


M 


» 


» 


» 


» 



1 8 ON LOaABITHMS. 

EuLE m. 

Add I <o ^Atf number of cyphers hetween the decimal point and the first 
9ignificant figure, and subtract from lo; the remainder is the index required. 

Thus the characteristic of the log. of '04 is 2 or 8, since i added to the number of 
cyphers following the decimal point is 2, then 2 from i o is 8. 

Similarly the index of the log. of '140 is 9. 

of '0149 is 8. 

of -00064 is 6, 

of '000000721 is 3. 

If tlie index of a vulgar fraction is required, it must first be reduced 
to an equivalent decimal fraction, and then the index is found by the 
rule. 

Thus, the index of log. 5^, or of log. '125 is i or 9. 

„ of log. /ft, or of log. -04 is 2 or 8. 

^ „ of log. 24J, or 244 I. 

An alteration in the position of the decimal point alters only the 
characteristic, and not the decimal part of the logarithm, if the signifi- 
cant figures remain the same; thus all the ;following numbers and 
fractions have the same decimal part in their logarithms, with different 
csharacteristics : — 



•000256 


2-56 


25600 


•00256 


25-6 


256000 


•0256 


256 


2560000 


'256 


2560 


25600000 



This is, for the purposes of numerical calculation, the decisive advantage the base 
10 possesses over any other. It is plain then, that one calculation gives us the 
logarithm of the above numbers, and in fact of as many numbers as can be made by 
shifting the decimal point to different positions in the combination 2, 5, 6, ; but if 
we adopt any other base, we should require a separate calculation for each of them. 
The student will perceive that the base 10 has this advantage, in consequence of our 
system of notation being decimal. If our system were duodecimal, our logarithms 
would then have to be calculated to the base 12 to be possessed of the like advantage, 
and so on for any other system. 

The characteristic may also be found as follows : — 

Rule IV. 

Place your pen between the first and second figure (not cypher), and count 
<m$for each figure or cypher ^ until you come to the decimal point, the number 
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thus given will he the characteristic : hut observe that if you count to the left 
you must subtract the number found from lo, and consider the remainder as 
the characteristic. 

Thtia, in finding the log. of 4*6017, if you place your pen between the first figure 

(4) and second (6), it ^dls on the decimal point, in this case the characteristic is o. 

Next in the case of log. of 4601*7 place your pen between 4 and 6 and count ^-j o' 7 

1123 

the characteristic is 3, Next in the case 4601700, here the decimal point falls behind 
the last cypher (No. 5), Hence, counting as before, wo have ^ 
characteristic is 6. 



^^'700 ^ ^ 
123456 ""^ *^" 



Again in the case of log, '0004601 7 the first significant figure is 4. Hence, counting, 

we have 1 °^ °^ ' , but here we count to the left, so that the characteristic is negative, 
4:321 -^6017 

or 4, which taken from 10 is 6, Again in the case of log. of '460 17, we have ^i '* 

and the characteristic is i, or 9, 

LOGAEITHMIC TABLES. 

The tables containing the logarithms of numbers give them, most 
frequently, to six places of decimals, as shown in Baper's Navigation, 
Table 64, and Norie's Epitome, Table 24. 

If the number be given, its logarithm may be foimd as follows : — 
To find the logarithm of a number consisting of not more than two 
digits, «.«., does not exceed 100. 

EuiiE V. 

SeeJcfor the number in the column at the top of which is No., and the decimal 
part of the logarithm will be found opposite to it in the next column to the 
right hand. Prefix the proper characteristic to the mantissa, see Bules 
I and n, page 17. The result is the logarithm sought. 

£x I, Bcquired the logarithm of 21, 2*1, *2i, and *o2i. 

In the first page of the Table, and in one of the vertical columns marked No., we 
find the 2 1 , against which stands 1*322219, the logarithm sought Since the mantissa 
of the logarithm of any number consisting of the same figures is the same whether 
the number be integral, fractional, or mixed, the logarithms of the numbers 2*1 and 
•021 wiU have the same decimal part as 21, consequently the logarithm of 2*1 ia 
0*312219, and the logarithm of 021 is 8-322219. 

Ex. 2. To find the logarithm of 52, 5*2, '52, and '00052 : — 

In the Tables we find the log. of 52 is 17 16003, a^<l> therefore, simply changing 
the index, the log. of 5*2 is 0*7 16003, *5* is 9*716003, and the log, of -00052 is 
4*716003 or 6*7 16003. • 
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Nat. No. 






Logarithms. 


Nat. N 


5 


^n«. 




0*698970 


94 


9 

0009 






0*954243 
3*954243 


J or -5 


0*01 

•OOOI 






2*000000 
4*oooooo 


Jor*75 


14 






I*r46i28 


2*5 


41 






1*612784 


*25 


2*4 
'004 




1 


0*380211 

3*602060 

or 7*602060 


♦09 

'0091 

250 


24 






1*380211 


%^^M A 


4 jft ^ 




( 


7-380211 


024 


'00a I 




or 9*380211 

3*322219 

or 7*322219 


•000035 
•000057 



Ant. 



( 



Logarithms, 
1*973128 
T*69897o 
or 9*698970 
( 1*875061 
\ or 9*875061 

0*397940 
7*397940 

2-954243 
3*959041 

1*397940 
2*380211 

or 8*380211 
5544068 

or 5*544068 

5*755875 






To find the logarithm of a number consisting of not more than three 
places of figures (from 100 to 1000). 

EULE VI. 

Find the given number in the vertical column marked No. at the top^ and 
under will stand the mantissa or decimal part of logarithm. Prefix the 
characteristic according to Eules I and II. The result is the logarithm 
sought. 

Ex. I, Required the log. of 476, 4*76, and '00476. 

We seek in the left hand column of the Tahle for 476, against which in the column 
marked O at the top, stands the mantissa corresponding thereto ; and this part hy the 
rule is the same for each of the ahov6 numbers. Now prefixing the index according 
to the number of integral figures in the natural number, we find the log. of 476 is 
2*677607 ; of 4*76 is 0*677607 ; and of '00476 is 7 677607. 



Nat. No. 




Logarithms. 


Nat. No. 




Logarithms. 


1 00 


Arts. 


2*000000 


4* 80 


Ans. 


0*681241 


145 




2*161368 


896 




0.952308 


2*94 




0*468347 


'•47 




0167317 


361 




2*557507 


•147 




1*167317 


673 




2*828015 


•901 




"•954725 


794 




2*899820 


•0147 




2*167317 


982 




2*992111 


424 




2*627366 



If the number contains four places of figures, the logarithm is found by 

EuLE vn. 

The first three figures will he found in the vertical column to the left marked 
No., and the fourth in the horizontal column at the top of the page. Under 
this last, and opposite the three figures, will he found the mantissa of the 
logarithm sought. Prefix the index according to Eules I and II. The 
result is the logarithm sought. • 
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Ex. I. Requirod the logarithm of 4587 and of 0*0004587, 

The first three figures (viz. 458) being found in the column to the left marked No., 
and the fourth (7) at the top of the page, the decimal part of logarithm ('661529) is 
found in the same horizontal line as the three first figures of the given numher, and 
in the same column as the fourth. The index is 3, being one less than the number 
of integers in the whole number : whence the completed logarithm is 3-661529, The 
logarithm of -0004587 is 4661529, the characteristic being negative, and one moro 
than the number of prefixed cyphers. 



Nat. No. 
1000 

1234 

2345 

5432 

26*06 

2.606 
•oioii 



Ant, 



Logarithms. 
3* 000000 

3*09i3'5 
3*370143 
3*734960 

i*4'5974 

0-415974 
2-004751 



Nat. No. 




Logarithms, 


9487 


Ant. 


1-977129 


7777 


• • 


0*890812 


9876 


. . 


2*994581 


•06843 


• . 


/ 5-835247 
\ or 8*835247 


•002784 


. . 


{ 3*444669 
I or 7-444669 



If the number consists of more than four figures, Tve use 

EuLE yiii. 

I®. Cut off the first four figures and consider the rest as a decimal, 

2°. Find the mantissa corresponding to the first four figures, 

3°. Multiply the tabular difference hy the decimal cut off; hut at the same 

time adding unity if the highest cut off is not less than 5. 

4°. Add the integer part of this product to the figures of the mantissa 

just found. 

The result is the mantissa of *the required logarithm. 

The characteristic or index is found by Eules I and II, page 17. 



Ex. I. 



Bequired the logarithm of 28434. 

Tab. diff. Mantissa of 2843 

153 Tab. diff, 153 X 4 = 61-2 

X 4 Characteristic 



= *453777 
= + 61 

4 



61,2 or 61 The log. of 28434 =z 4*453838 

We seek in the left hand column of the Table for 284 (the first three digits) and 
also at the top of the page in one of the horizontal columns we find 3 (the fourth 
figure), then in a line with the former and in the column with the latter at the top 
we have 453777 , which is the mantissa of 2843. In a line with the quantity and in the 
right hand column marked Diff,, stands tab. diff. 153 ; which multiplied by 4, the 
remaining digit of the given nimiber, produces 612 ; then cutting off one digit from 
this (since we have multiplied by only one digit) it becomes 61, which being added to 
453777 (^he mantissa of 2843) inakes 453838, and, with the characteristic, 4*453838 
the required logarithm. 
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The logarithm of 284*3418 2453838, and the log, of .02843415 2453838 or 8*453838. 
Ex. a. Bequired the logarithm of 12806. 



Tab. diflf. 

338 
X6 



Mantissa of 1 280 

Tab. diff. 338 X 6 = 202-8 

Characteristic 



•107210 
+ 203 



= 4 



202,8 or 203 The log. of 12806 = 4*107413 

Ex. 3. Find the logarithm of 873457. 

Mantissa of" 8734 



Tab. diff 
X 57 



Tab, diflf. 50 X 57 = 28*50 
Characteristic 



•941 21 3 
+ 29 



= 5 



28,50 or 29 The log. of 873457 = 5*941242 

The mantissa of the first four figures is found thus *. — opposite the 873 and under 4 
stands 941 2 13, then in the right column in a line with this stands the Diff. 50, which 
being multiplied by 57, the remaining digits of the given number, makes 2850 ; from 
this we cut off two digits to the right (since we have multiplied by tivo digits), when 
it becomes 28 ; but as the highest digit cut off is 5, we add unity, which makes 29. 
Then 5*941212 (the logarithm of 8734) + 29 := 5*941242 is the required logarithm. 

Ex, 4. Bequired the logarithm of 628007, 

Tab. diff. Mantissa of 6280 

69 Tab. diff, 69 X 07 = 4*83 



X 07 



Characteristic 
The log, of 628007 



•797960 
+ 5 



= 5 



= 5*797965 



4,83 or 5 

The log. of 628*067 is 2*798006, and the log. of '00628067 is 3*798006 or 7*798006. 
The mantissa of the log, of each of these numbers being the same, the index only 
being varied (See Rules I and II), 



Nat. No. 

38475 
384-75 

»2345 
543'2i 

66666 

98765 
84321 

86400 
43560 
78604 
327*11 
22055 
15*438 

32-564 
50800 

1 0000 

200000 



uins. 



Logarithms. 

4-585179 

2-585179 
4*091491 

2734968 
4' 823904 
4994603 
4925936 

4 9365 H 
2*639088 

1*895445 

2-514693 
0*343508 
I 188591 

i*5'2737 
4705864 

4-000000 

5*301030 



Nat. No. 
24800 

•056214 

0098563 

643786 
1 1 29 06 

384757 
123498 

856324 
221799 

365*52 

6*39459 
997 1370 

32*1908 

448000 

•0000448 



{ 



Logarithms. 

4394452 
2749845 

or 8749845 

3993714 
or 7*9937 «4 

5-808742 

3*052717 
2*585186 

5*091660 

5*932638 

5345960 

5562474 
0*805813 

2-998755 
i'507732 
5651278 
5651278 



The logarithm of a vulgar fraction is the result of the subtraction of 
the logarithm of its denominator from, that of its numerator ; becauso 
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the fractional form always denotes the division of the quantity above 
the line by that below it. 

Thus :— To find the log, of |J. 

Log. 27 =r 1*431364 
Log, 38 = I 579784 

Log. 15 = T'851580 
or 9*851580 

Here the learner may require some explanation respecting the index of the answer. 

When, in subtracting, he comes to the place of tenths, the process is i carried to 5 

makes 6, which subtracted from 14 leaves 8 ; then i carried to i makes 2, which 

Bubtracted from 1 leaves T, that is, i still to be subtracted ; the characteristic of the 

quotient: but as observed (foot of page 17) to avoid negative characteristics, borrow 

10, whence the index is 9. 



Nat. No. Logarithms. 

90/5 Ans. 1*954435 

1000, |.5 .. 3*000003 

iooo| .. 3000216 

1 ( 4698970 

2000 • • \ or 6-698970 



Nat, No. Logarithms. 

387^ Ans, 2-588272 

726| .. 2'86io86 

75! .. 1-880099 

I .. r*8239o8 



fti •• 9"833'69 

If the logarithm be given the number which corresponds to it may 
be found by the following rules, which are the converse of those last 
given for finding the logarithm when the number is given. 

Since the characteristic denotes how many places the first significant figure stands 
to the right or left of the units' place ; conversely, therefore, if logs, be given having 
for characteristics i, 2, 3, .... T, 2, 3, .... there are in the integral parts of the 
number to which these logs, belong, 2, 3, 4, .... o, f, 2, ... . digits respectively. 
Li illustration of these remarks take the following : — 

Log. 4-589950 (in which characteristic 4) gives 38900 

3589950 
2589950 
1*589950 
0-589950 



1*589950) 



3 .. 
2 .. 

I 

.. 


3890 
389 
389 
3*89 


»r 9 . . 


•389 



or 9-589950 

!*5f995o) 5 0^8^, 8 

or 8589950/ ■* ^ 

&c. &c. 

To find the place of the decimal point proceed as follows : — 

EULE IX. 

Add I to the index of the given logarithnty and mark off to the left the 
number offigwrei for whole numhersy the rest (if any) will he decimals. 

Thus : if the index of a logarithm be 2, the natural number contains three integral 
places, and bo on : the rest of the figures (if any) in the natural number taken out 
axe decimals. 
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The number corresponding to a logarithm with a negative index is whoUy 
decimal^ and the number of cyphers following the decimal point is one less than 
the characteristic of the logarithm, 

'J'huH : if tho index is 4, prefix three cyphers to the figures taken out of the tahle ; 
if 2, prefix one cypher ; if T, the decimal point is placed next the figures taken out. 

But instead of the negative characteristic its arithmetical complement 
is Bometinies used, in which case we proceed by 

KULE X. 

Add I to the indea;^ and subtract the number thus found from 10, the rtf- 
mainder is the number of cyphers to be prefixed to the figures taken out of the 
tables. Place the dot before the first cypher. 

Thus, if tho index is 3 or 7, i added to 7 is 8, then 8 fipom 10 leaves 2 ; whence we 
prefix two cyphers to the number taken out of the tahle before placing the decimal 
point. 

When the mantissa or decimal part of the logarithm can be found in 
the table, we proceed by 

EULE XI. 

1°. Seek out the mantissa^ and take from the column No. the three figures 
in the same horizontal row, 

2". From the head of the column take the fourth figure, 

3°. JProm the characteristic or index find by the rules already given the 
position of the decimal point, 

(a) When the characteristic of the given logarithm requires a greater 
number of digits to the left of the decimal point than there are in the 
number found by the above rule, the deficiency is made up by adding 
a sufficient number of zeros (cyphers) to the right. 

Examples. 

Given the logarithm 2*698970, to find the natural nimiber. 

Entering the table with the decimal part '698970, we find the natural number 
corresponding to it to be 5, or 50, or 500, or 5000, &c., but as the index of the loga- 
rithm is 2, tho natural number must contain three integral figures. Hence the 
natural number of 2*698970 is 500. 

Given the logarithm 3*539954 or 7*539954 ; find the number. 

Entering the table with the decimal part, we find the corresponding number is 
3467 ; to this we prefix two cyphers, since the index is 3 ; or adding i to 7, and 
subtract 8 from 10, we have 2, the number of cyphers to be prefixed, and then the 
decimal point ; hence the number corresponding to 7*539954 is 003467, 



ON LOOA£ITHMS. 



«5 



What number corresponds to the logarithm 4*214314. 

The decimal part of the log, being found opposite 163 and under the figure 8 at 
the top of the page; therefore the digits of the required number are 1638. But as 
the characteristic is 4, there must be in it 5 places of integers, A cj'pher is annexed 
(see Kule XI, fa J). Hence the required nmnber is 16380, 

Required the natural numbers corresponding to logs. 0*176091, and 4* 1 76091, 

(i). The mantissa 176091 stands in the table opposite 150, and in the column with 
at the top ; and the characteristic o shows that one of these is integral, whence the 
number sought is 1*500 or 1*5 (see Kule IX, page 23), 

(2) , The mantissa of second log. being the same as that of the first, the corresponding 
number wiU consist of the same significant figures, but the characteristic 4 shows that 
the first significant figure (i) must occupy the fourth place to the right of the decimal 
point, whence the number sought is 00015. 

Required the natural numbers whose logarithms are respectively 18 135 14, '30341, 
4*996993, and 2*299943 or 8*299943, we shall find them to be as follows : — 

1*813514 = log. of 6509 
•303412 ^ ., 2 01 1 



4996993 = 
2 299943 \ _ 
or 8299943 j 



99310 
•01995 



"Where it will be observed that the first answer must contain only two integers, as 
the index of the given logarithm is 1 ; that the second must contain only one integer, 
as the characteristic is o ; that the third must consist of five integers, because the 
index of the given logarithm is 4, and therefore to 9931, the number found in the 
table, a c}T)her is annexed ; and that the fourth answer must be a decimal, having 
the first significant figure two places to the right of the decimal point, because the 
characteristic is 2. 



Log. 

0*477121 

0*903090 

0041393 

1*301030 

0*973128 

1*161368 

2815578 

0*812245 

2*767898 

0394452 

3*091315 
3*898506 

a'538574 

3*370143 

1*394977 
3845098 

3*760422 

5-825426 

5'6o2o6o 



Nat. No. 

3 
8 

1*1 

20 

9*4 

145 

654 
649 

586 

2*48" 

"34 
7916 

345-6 
3345 

24-83 

7000 

5760 

669000 

400000 



Log. 



Nat, No. 



3-55^938 1 .003564 

or 7-551938 / ^^ 

1-744058 » 

or 9-744058/ ^^^' 



7-8750611 



•00000075 



•002784 



or 3 '87506 

3- 845098 1 
or 7-845098) 

3444669I 
or 7-444669/ 

2*621488) g 

or 8-621488J ^^ 

3*810904) .00647 

or 7-8i0904> 



3*6627581 
or 7*662758/ 



*oo46 



3*5519381 .003564 



or 7-551938 
2-85733* 



•000000072 
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Whon, as usually happens, tlie mantissa cannot be found in tlie 
tables, we proceed by 

EuLE xn. 

1°. Having found the next lower mantissa in the tables, note the four 
fgures which correspond to it, 

2°. From the given logarithm subtract that taken out of the tables, divide 
the remainder (annexing as many cyphers as there are digits required above 
four J by the tabular difference, and reduce the quotient to the form of a decimal, 

3°. To the four figures already found, add this decimal, and shift the 
decimal point to suit the characteristic of proposed logarithm. 

The result will be the required number. 

Given the logarithm 3*54027 to find the natural number. 

Given logarithm 3 '543027 

Mantissa next lower '542950 which corresponds to 3491, 

Tab, diff. = 124) -7 7 00(62 

744 



260 
248 

Attaching this (62) to the four figures, we have 349162, &c. But as the index is 3, 

we obtcdn, by pointing off four figures to the left, 3491*62 the natural number sought. 

GKven the logarithms 5*654329 and 2-654273 to find the natural numbers. 

654273, which corresponds with the natural number 45 11, is the logarithm next 
less than the given one ; therefore the first four digits of the required number are 
451 1, Adding J;wo cj'phers to s^} the difference between 654273 and the given loga- 
rithm, it becomes 5600, which being divided by 96, the tabular difference corresponding 
with 45 1 1, gives 58 as quotient and 32 as remainder. The integers of the required 
number (one more than 5, the characteristic) are, therefore, 451 158, The mantissa 
of the second log. being the same as the first one, the natural number will contain 
the same significant figures, viz., 451 158, but the characteristic 2 shows that \hQ first 
significant figure of the nat. no. (4) must stand in the second place to the right of the 
decimal point; therefore, the nat. no, corresponding to 2 65427 3 is '0451158, 

Let it be required to find the number of which the logarithm is 3*104831. 

Given logarithm 3*104831 

Mantissa next lower '104828 which corresponds with 1273. 

Tab, diff. = 34i)3ooo(*oo8 

2728 

272 

Therefore, 3* 10483 1 = log, of 1273*009 nearly. In dividing by tab. diff. we take 
rezoainder 3 and a cypher, then 341 in 30 goes no times, which we place down in the 
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quotient, then taking another cypher we have 300, which contains 341 no times, 
lastly, 341 goes into 3000 eight times with 272 for remainder. The remainder 272 
being more than half the quotient the last figure of the quotient (8) is increased by 
1 or unity. 



Log. 
2*931214 
3-625343 
4-851906 
4-361730 

1*725364 
1*972521 

5659707 
5-734968 
5 823904 

4*994603 

4*925936 
5'09i5i2 

2-535224 
3-744726 

5-831835 
2*415671 

4*841989 



Nat. No. 

853*52 
4220-3 

71105-9 

230001 

53*1329+ 
938689-1- 

456780 

543210 

666660 

98765 
84321 

123456 

342*945 

5555 54 
678945 . 

260-4184- 

69500-65 



Log, 
1*217845 
3 984671 1 



or 7 98467 

4*4637261 
or 6-463726/ 

52418771 

or 8 241 877] 



Nat. No. 

i6'5i37 

•009653a 



• '00029088 

'0174533 

or 7-5^9956} -00331098 

or9"9988i3} *99727o 

orJSI •7^^398 

ll'MV.\ -00085673 

• '000036808 



or 6-932847; 

1565942) 

or 5565942J 



The arithmetical complement of a number is the number by which it 
falls short of the unit of the next higher denominator. It is abbreviated 
into Ar. co. 

The lowest denominator considered is the unit, thus : — 

Ar. CO. '0094 =1 — '0094 not *oi — '0094 

The most expeditious way of finding the arithmetical complement is as follows :— 
Begin from the left^ subtract ever if figure from, 9 up to the lowest significant figure, which 
mbtractfrom 10, Repeat tJie cyphers at the end, if any ^ 

(a) When the characteristic is negative it must be added to 9. 



Ex. I, Find the ar, co. of 1-97043 

Ar. CO. log. required 8*02957 

The ar. co. of 3-607218 is 6*392782 
„ 0-714000 „ 9286000 
, 5631642 , 4368358 






Ex, 2. Find the ar. co, of 9*086540 

Ar. CO. log. required 0-913460 

The Ar. CO. of 2*170630 is 7*829370 
^ («) 7-217034 , 10-782960 
„ (a) 3*178680 „ 12-826320 



u 
II 



A subtractive quantity is, by this means, made additive. The process is equivalent 
to subtracting the number from 10, and the reason of it is evident on considering that 
to add 3 and subtract 10 is the same as to subtract 7. In like manner, instead of 
subtracting 42™ 10" for dxample, wo may add 17™ 50* (the complement to 60™), pro- 
"vided we subtract i^ (or 60"™) ; and thus any number of quantities of which some are 
additive and some subtractive, may be rendered all additive, provided that the larger 
numbers which are employed in taking the complements be themselves subtracted. 

Degree of Dependence, — The number of places of figures which maybe obtained in a 
result derived from any table of logarithms, is the same usually, rejecting prefixed 
cypher, as the number of decimals to which the logarithms are carried. But towards 
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the end of the table the last place thus obtained cannot always be depended upon 
within a unit, that is, provided the mantissa of log. is greater than '9388. Thus, for 
instance, the log, 3*7575 corresponds to the no. 57 2 1 and the log. 3*757 6 to 57 22, nearly. 
This remark should be kept in mind, because it is mere waste of time to employ 
more figures than are required to insure a certain degree of precision in the result. 

MISCELLANEOUS. 

"We here insert a collection of numbers, the logarithms of which 
are to be taken out of the tables. 



I. 
2. 

3- 

4- 

5- 
6. 

7- 
8, 

9- 

10. 



9 

5 
0*1 

78 
90 

49 

10 

38 

380 

100 



13. 
14. 

15. 
16. 

17. 
18. 

19. 

20. 

21. 



700 

635 
6390 

8004 

2606 

2'6o6 

•1463 

3*874 
6754 



11. 0*029 

12. 917 



22. 0*0876 

23- 03467 
24. 00129 



25. 0-6896 37 

26. 0*92096 38 

27. 0-0349 39 

28. 0-0899 40 

29. 6656 41 
30* I 0000 42 

31. 10090 43 

32. 79507 44 

33. 48000 45 

34. 72643 46 

35. i5'438 47 

36. 9080-8 48 



0*09999 

00058 
•035872 

•057234 

937654 
* 000 85 

52790 

50C00 

700C90 

264000 

404007 

500909 



49, 547600 

50, ' 30000*9 

51, ioooo'9 

52, 594500 

53, 900000 

54, 88590000 

55, 00C98563 
56- 287642 

57. 0-003564 

58, 0056214 

59. *ooo856736 

60, 0005693 



Required the natural numbers of the following logarithms : — 



I. 
2. 

3. 

4- 

5- 
6. 

7- 
8. 

9- 
10. 

II. 

12. 



2*309630 
3-676968 

2*376577 

0-954243 

1 698970 

o' 000000 

2 845098 
2 000000 
1-944483 
2-056905 
2*564494 
3563362 



13. 

14. 

15. 
16. 

17- 
18. 

19. 

20. 
21. 
22. 

23- 
24, 



1*^65000 
2-621754 
3-786942 
0*565021 
0-778441 
2-769504 
5*774152 
5-421604 
3 000000 
6*394452 
1*415674 
2*640978 



25 
26 

27 

28 

29 

30 

31 
32 
33 
34 
35 
36 



1188591 
3*020887 

2954243 

3 959041 
4705864 

1-415674 

0*4^5974 
1 -oooooo 

3954243 

2.7 16003 
4-000000 

0230449 



37. 5*654243 

38. 0-434294 

39. 5606389 

40. 2-397050 

41. 5-000000 

42. 2*881955 

43. ri673i7 

44. 7875061 

45. 0*000 1 86 

46. 6947385 

47. 2-963081 



48, 2564772 

MULTIPLICATION BY LOGAEITHMS. 



49. 
50. 

51. 
52. 
53. 
54. 
55. 

5^- 

57. 
58. 

59- 
60. 



0-763947 
1-883030 

3*625343 
1*725364 

2 627407 

3-686216 

0-400573 

1*567343 
0-927632 

5-002559 

4321547 

o 875061 



In multiplication we proceed by 

EuLE xm. 

1°. Find the logarithms of the numbers, the product of which is required, 
(Eor the method of taking out the log. of a number, see pages 19 to 22.) 

2°. Add these together, the sum will he the logarithm of the product. 

3°. Find from the tables the corresponding number. (For the method of 
finding the corresponding number to a log., see pages 23 to 25.) 

This will be the required product. 

f'aj When the characteristics of the logs, to be added are both positive, it is evident 
that their sum will be positive. When they are both negative, their sum (diminished 
by what is to be carried from the sum of the positive decimal parts) will be negative. 
When one is negative and the other positive, subtract the less from the greater, and 
prefix to the difference the sign belonging to the greater. 
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Examples. 



I. Multiply 77 "by 100. The log. of 
77 and 100 being taken from tbie table, 
we have 77 log, 1-886491 
100 log. 2*000000 

7700 log, 3*886491 
We have hero added tiie logs, of the 
given factors, and having" sought in the 
table for the mantissa '886491, wo have 
found tlio fissures of the nat. no. corres- 
ponding to bo 7700; the index 3 deter- 
mines /om/* of these to bo integi-al ; hence 
the product is 7700 (Uule IX, page 23), 

3. Multiply 963 by 48*9 by common 
logarithms. The log. of 963 and 48*9 
being taken from the table, we have 

963 log. 2 983626 
48 9 log, I 689309 

Log, 4*672935 
4709 (next lower in tab.) 672929 



Product 470907 



92)6*00(06 
552 



48 



Wo have hero added the logs, of the 
given iuctors together, and huvingsought 
for the given mantissa 672935, which is 
not to be exactly found in the tables, wo 
obtain the next less mantissa '672929, 
which wo subtract from the given man- 
tissii, the difference is 6, to which two 
cyphers Jire annexed, and then wo divide 
by the Uibular diflforenco 92, whence wo 
obtain 07 nearly; the remainder, 48, 
being more than half the divisor, i is 
added to the last figure in the quotient 
(6) ; attaching those to the four figures 
obtained previously, wo have 470907 ; 
the index 4 determines ^<;d of these to be 
inteurral ; lionco the product is 47090*7 
(Kulo IX, pago 23). 

6. Multiply 999 by 8*63, 

99*9 lop:- 1*999565 

8-63 log, o 93601 1 
862-136 log. 2935576 

7. Multiply 97 by 83. 

97 log. 1*986772 
83 log. 1*819078 

8051 log. 3-805850 



2. Multiply 476 by 50, 

476 log. 2-677607 
50 log. 1*698970 

23800 log, 4*376577 
The mantissa of log., viz. -376577, is 
found exactly in the table in a lino with 
238 and under ; but as the charac- 
teristic 4 requires 5 digits in the integer 
part, we therefore add a o (cypher), which 
gives 23800 as the nat. no. correspon- 
ding to the proposed log. This is ac- 
cording to Kulo XI, (aj , 

4. Multiply '0567 by -00339, 

-0567 log. 8753583 
•00339 log. 7 530200 

*OCOI922 log. 6*283783 

Or thus, using nogalive indices : 
•0567 log. 1-753583 
•00339 l^i?' 3 '5 30200 

•000T92 log. 4*283783 
In adding, when we come to the places 
of ttJiitiis, tlie process is 5 and 7 are 12, 
2 to put down and i to carry, and since 
the inilices are both negative 2 and 3, wo 
diminish their sum (5) by the number 
can-ied (i), which leaves 4 for the index 
(see Uule ^ll\ ^faj. We prefix 3 cyplu rs 
because the index being 4 the lirstsignifi- 
cant figure of product must stand in the 
fourth place from the decimal point. 

5. Multiply 29 42 by 8*6 by common 
logarithms. 

29*42 log. 1*468643 
8 6 log. 0934498 

2*403141 
2530 (next lower in tab.) 4031 20 



Product 253-012 171)2100(12-!- 



8, Multiply 20 by -5, 



20 log. 1-30103 
-5 log. T 69897 



10 lOff, i*cooo 
Here the i, which is carried after ad- 
ding r, 6, and 3, (where we have placed 
an asteri.sk instead of a cypher to mark 
the place) instead of increasing the f, 
destroys it. This is according to Bule 
xn, (aJ, 
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Multiply 498 by 376. 
498 log. 2-697229 
376 log. 2-575188 

187248 log. 5*272417 

306 



DiS, 232)1x100(48 nearly. 
928 

1820 
1856 



10. Multiply 734 by 23. 

734 log. 2*865696 
23 log. 1-361728 

16882 log. 4*227424 
Next lower mantissa 227372 

258)520(2 
516 



11. Multiply 437*8 by 14*07 and 0*239. 

437 '8 log, 2*641276 
i4'o7 log. 1*148294 
0-239 log. 9 378398 

1472-20 log. 3*167968 

12. Multiply 436 by 19-7. 

436 log. 2639486 
19 7 log. 1-294466 

85892 log. 3933952 

13. Multiply 3654 by 500. 

3654 log. 3*562769 
500 log. 2*698970 

1827000 log. 6 261739 
(See "Rule XI /V» page 24.) 

14. Multiply *oi72 by -00214. 

*oi72 log. 2235528 
•00214 log. 3' 3304 H 

•000036808 log. 5 565942 

The sum of the characteristic is taken 

93 they are both negative (Rule XIII, f"aj . 



15. Required the product of 17*25, 
0*82, and 0-065. 

17-25 log. 1*236789 

•82 log. 9-913814 

•065 log, 8-812913 

0*919425 log, 9963516 

Or thus: 17*25 log. 1*236789 

-82 log. 1-913814 

•065 log. 2-8 1 29 1 3 

0*919425 log. T 963516 
Here we havo one to carry fipom the 
mantissa, which added to the positive 
index i (index oT log. 17*25, see above) 
makes positive 2. Now the sum of the 
negative indices is 3 (negative 3), and, 
therefore, since where one is positive and 
the other is negative the difference is the 
index ; we have -\- 2 from "J leaves T for 
the index, and the first signitic^mt fitrure 
of the quotientmust occupy the first place 
to the riffht of the decimal point (Rule 
IX, page 24, top). 



Examples for Practice. 



1. Multiply by logs. 85 by 70 ; 100 by 10 ; 39 by 27 ; 37 by 98 ; and 97 by 79. 

2. Multiply 83 by 77 ; 100*3 by 12 ; 38*7 by 3-2 ; 76-4 by 5-4; and 307 by 3,^,.. 
Multiply 38 by 1*74 ; 601 by 18 ; 250 by 12*5 ; 82 by 12 ; and loi by 11. 
Multiply 288 by 24; 517 by 659; 9001 by 90; 5760 by 12 ; and 970 by 630. 
Multiply 127 by 304; 476 by 100 ; 98 by 194; 34hy6; and 3654 by 500. 

6. Multiply 37 6 by 249 ; 44-4by22-2; 182-7 by25o; 3907 by2o; and289by96*5 

7. Multiply 76 by 42 ; 8233 by 153; 47*6 by 682; 99*9 by 863; and loocoby 10. 
Multiply 732 by 543 ; 8*7 by 64 ; 96 by 53 ; 139 by 240 ; and 190 by 47*5, 
Multiply 386 by 288 ; 12*5 by 35 : 98 by 50 ; 109 by 94 ; and 307 by 0*84. 
Multiply 1 19 by 7-55; 46-4byo*85; 457byi6; 59^799'; and23by73*4. 
Multiply 396 by 184; 152 by 25-4; 13*5^7117; 3^'3^y^^'> and 563-1 by 42. 



3 
4 

5 



8. 
9- 



zo. 
zx. 
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12. Multiply 307 "by 3*1 ; 37 "by 670; 5900 by -0007 1 ; and 23807 by -oa. 

13. Multiply '02865 by 2196 ; '334387 by '05454; and '03948 by 91959. 

14. Multiply •! by 'i ; 'oi by -ooi ; 10 X 'oi X 001 ; and looo by 100, 

15. Multiply •00146 by -039 ; -02895 by 2196 ; 4*189 by -00071 ; and '37 by -670. 

16. Multiply 67314 by 35; 5900 by 0007 1 ; 1000 by 100; and 00000275 by -0336, 

Hequired by means of logaritlims the product of : — 

17. -002784 X 4 X 1600; 7'84 V -00083 X -000027; 5a X 734 X 6. 

18, '37 X 426 X 004 X 275 X 326 ; 72 X 96 X 124 X 05 ; and 32 X 181 X 4. 

19, 24 X 007 X 54 X *i ; -6 X 4 X I 2 X 32 ; and 18 X 48 X u'2 X 4. 

20. 36 X 48 X 62 X 4; 286i X 193 X 16* X 4i ; and -772 = (aJ) x J. 

DIVISION BY LOGAEITHMS. 



In division Tve proceed by 



EULE XIV. 



1°. Find the logarithms of the number 8 the quotient of which is required. 

2°. Subtract the logarithm of the divisor from that of the dividend; 
f adding 10 to the index of this last, if required) , the difference will be the 
logarithm of the quotient, 

3°. Find from the tables the corresponding number. 

This will be the required quotient. 

In subtracting the logarithm of the divisor, if it is negative, change the sign of its 
characteristic, and then proceed as if this were to be added to the characteristic of the 
dividend ; but before making the characteristic of the divisor positive, subtract what 
was borrowed (if anything), in subtracting its decimal part. For, since the decimal 
part of a logarithm is positive, what is borrowed^ in order to make it possible to subtract 
the decimal part of the logarithm of the divisor from that of the dividend, must be so 
much taken away from what is positive, or added to what is negative in the remainder. 

We change the sign of the negative characteristic, and then add it ; for, adding a 
positive is the same as taking away a negative quantity. 

Examples. 



X. IMyide 3192 by 76. 

The log. of 3 1 92 is taken out according 
to Role YII, page 20, and the log, of 76 
by Bole V, page 19. 

3192 log. 3*504063 
76 log. 1*880814 

Qnotient 42*0 log. 1*623249 



2. Divide 229008 by 313. 
Log. 2290 = 359835 tab.diff. 189 
Diff. for 08+15 X 08 



359850 

229C08 log. 5-359850 
312 log. 2-494155 

734*0 log. 2-865695 



15," 
or 15 



3» 
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3. Divide 830772 "by 982. 

The lojr. of 830772 is taken out by 
Rule VIII, paj^e 21. Wo seek in the 
lelt hand column of the t:ible (No.) for 
830 (the first three digits), and also at 
the top of the pane in one of the hori- 
zonttil columns for the fourth figure 7, 
then in a line with the first and under 
the latter we hive 919444. In a line 
with the quantity in the right hand col- 
umn marked Diff. stands 52, which 
multipli(^d by the remaining tiguros of 
the nat. number, viz., 72 produces 3744 ; 
then cutting off two digits ti'om the^e 
(since we multiplied by two digits) it be- 
comes 37, which being adiled to 919444, 
the mantissa of 8307, makes 91 9481, and 
with the characteristic 5, is 5 91 9481. 
The work will stand thus : — 

^^' 8307 =2 919444 tab. diflf. 52 
Dili*, for 72 -|- 37 X 72 



919481 



104 
364 

37,44 



830772 log, 5*9'948i 

982 log. 2*9921 II 

Quotient 8460 log. 2927370 

7, Divide 26843 ^7 "003010. 
Log. 2684 = 428782 tab» diff. 162 
Diff. for 3 = 4- 49 X 3 



Log. 26843 =: 428831 

26843 log, 4*428831 
'03010 log. 8-478566 

891794 log. 5-950265 

219 



48,6 

or 49 



49)4600(94 nearly. 

Or thus : 26843 log. 4-428831 
•03010 log. 2 '47 85 66 



891794 log. 5-950265 

Here the characteristic of the second 
log. is 2 , but following the rule, we have 
changed it to positive 2. The charac- 
teristic of first log. being positive 4, the 
two are added, the sum being positive 6, 
but having borrowed 1, the correct char- 
acteristic is 5, and being positive, the 
quotient will contain 6 integral figures. 



4, Divide 111168 by 288. 

Log. 1111=045714 tab. diff. 390 
Dilf. for 68 -I- 265 X 68 



045979 



3120 
2340 

265,20 



I II 168 log. 5045979 
288 log. 2-459392 

Quotient 386*1 log. 2*586587 

5. Divide '00815 ^X '000275. 

o 00815 l"o 7*91 "58 
0000275 log. 6439333 

Quotient 29 6363 log. 1-471825 

Or, '008 15 log. 3 911 158 
•000275 log. 4439333 

29-6363 log. 1-471825 
The index of the divisor 4 being sup- 
posed changed to positive 4, the difference 
between which and 3 leaves positive i 
for index of quotient, 

6. Divide loooo by lo-o. 

looo'o log, 3-000000 
10 o log. I'OOOOOO 

Quotient loo-o log. 2 000000 

8, Divide 2407*2 by 24. 

2407-2 log. 3*381512 
24 log. 1*380211 

Quotient 100*3 ^^g. 2 -001 301 

9, Divide 469*76 by 0*937. 

496*76 log. 2-671877 

0937 log- 9*971740 

Quotient 501*345 log, 2*700137 

Or, 469*76 log. 2-671877 
0-937 log. 1 971740 

501-345 log. 2-700137 

10, Divide 579416 by 4324. 

Log, of 5794 = 762978 tab, diff. 75 
Parts for 16 -|- 12 X i^ 



I^g« of 579416 = 5*762990 



579416 log. 5-762990 
4324 log. 3635886 



450 

75 

12,00 



1340 log. 2*127104 



ON LOGARITHMS. 33 



II, Divide 876*32 by 32*567, 

876*32 log. 2*942663 
32-567 log. I'Si^m 



Quotient 26*9083 log. 1*429886 



1 2 . Divide 367 2 "by 5 1 000, 

3672 log. 3-564903 
51000 log, 4*707570 

Quotient '072 log. 2*857333 



Examples for Practice. 

1. Divide 6391 by 77 : 21636 by 36 ; 6384 by 76 ; and 31250 by 250. 

2. Divide 3600 by 60 ; 4500 by 9 ; 3654 by 38 ; and 58469 by 981. 

3. Divide 1755 by 39 ; 646 by 34; 2160 by 30 j and 365*55 ^y 55^ 

4. Divide 36808 by 127 ; 147392 by 440; 72864 by 184; and 16882 bj' 734. 

5. Divide 76*4 by i-6 ; 32-08 by 8*8 ; 69*52 by 2*4 ; and 1*728 by 1*2. 

6. Divide 2020 by 202 ; 2000 by 2000 ; 87648 by 368 ; and 147000 by 1470, 

7. Divide 135056 by 734; 8746*9 by 36*4 ; 674*80 by ^0763 ; and 3372*36 by5*37» 

8. Divide 236 by 19*1 ; '0472 by 3*12 ; '03755 ^7 '025 ; and 476*14 by 248. 

9. 19 ~ 72 ; 19 -i- -72 ; 19 -4- 7*2 ; and 19 -J- *oa72. 

10. 0-01237 -7- 108-46 ; 287642 -f- 834*56 ; 472 -7- 32*2 ; and looii'i -7- 99*3. 

11. I -7- -0004572 ; 112221 -7- III ; I -7- 6*729; and 56262*5 -i- 52*643. 

12. 3256-7 -i- 129; 585900 -f- 124; 72384 -7- 192 ; and 132*45 -7- 385. 

13. •oooi -7- *oooi ; -oi -7- 001 ; *oi -f- 100 ; and i* -7- *ooi. 

14. 364*09 -^ 6*6 ; 34*56 -7- *oo24 ; 4752000 -7- 3500; and loooo -f- 10. 

When it is proposed to find the value of an expression in which both multiplication 
and division are signified, the sum of the logarithms of the factors ot the dividend, 
diminished by the sum of the logarithms of the factors of the divisor will be the 
logarithm of the value required. 

209 X 573 X 63 

Thus : to find the Yalne of , , 

287X2101 209 og. 2-320.46 

' 573 log. 2-758155 

287 log. 2-457882 *3 log. 1-79934° 

2101 log.£322426 6-877641 

5-78030& ^•7''°3°^ 

Arts, .* 12*5122 log. 1*097333 

It is very often expedient to transform the logarithm of a divisor into that of a 
multiplier, and it is customary, in such calculations, to avoid not only negative loga- 
rithms, but negative indices also, by substituting for a subtraction logarithm its 
arithmetical complement (See page -!'{). This makes the operation consist of a single 
addition ; only we must diminish the result by subtracting 10 for every arithmetical 
complement that has been used. 

To apply this method to the example above : — Having found in the table the log. 
of the divisor 287, we may at once transform it into the addition logarithm 7*542 118, 
and similarly for the log. of 2101 we may write 6 67 75 7 4, and then the calculation 
will proceed continuouflly as follows : — 

209 log. 2*320146 

573 log- 2*758155 
63 log, 1-799340 
287 ar, CO, 7*542118 — 10 
2101 ar. CO. 6*677574 — 10 

1*097333 Am.: 12*5122. 



34 ON NATURAL SINES. 

15. 84 X 00769 X ^3 *'4 X '0035 X i'*o8 X -I 
59800 X -001^6 X -039 669 X 4 X 1*483 

16. 47 X 1405 X 84 956 X 158 X 4*9^ X 30% 
•002784 X 4 X 1600 1289 X '0893 X '00849 X '9 

17. 121 X 559 X 126 8*4 X '0769 X -00683 

1562 X 216 * 59*8 X '0000146 X '0039 

,8. ri4i6 X 82 X ^^ which in a 31416 X 82 X 73 X 94i 

•02912 X 751.3 X ^ simplified form is .02912X751-3X6X41 

19. Divide -06314 X '743^ X '102367 by -007241 X i2'9476 X •496523, and 
pare the result with the product of 8*71979 X '057447 X •0206168. 

20. 167 X 157 X II36 ' I ' 
X — X -7- 

781 X 75 '0004405 32 -26 

21. 49357 X 815 44800 X 473-5 ^ '°°9i X -4148 
7916J; X 791706 2-2366 X 7335 X 'oioii X 30819 



com- 



TABLES OF NATUEAL SINES, ETC. 



Trigonometrical magnitudei are number* capable of being calculated from 
geometrical principles, and accordingly, tables, called Tables of Natural 
Sines, have been computed, in wbich the values of the Sines, Cosines, 
&c., of every degree and minute of the quadrant are registered. The 
statement of the method by which such tables are constructed is imsuited 
to the present treatise. The mode of using them in computation we 
shall now proceed to explain. In using these tables we have either to 
find the sine, cosine, &c., of an angle whose value is given in degrees, 
minutes, and seconds ; or being given the value of the angle in degrees, 
minutes, and seconds, to find the corresponding value of the sine, 
cosine, &c. 

If the value of the angle be given in degrees and minutes, the sine, 
cosine, &c., is found directly from the tables, in which are registered 
the values of trigonometrical quantities. 

If the angle contains seconds, we must proceed by the method ofpro' 
portional parts, hb in the following examples. 
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EULE XV. 

1°. Find from the tahU the nat, sine, cosine, Sfc, which corresponds to the 
degrees and minutes, (Norie, Table XXVI.) 

2°. Multiply the tabular difference ly the seconds, and divide hy loo. 

3°. If the required quantity he a nat, sine, tangent, or secant, add the 
result to the last figures obtained in i° ; if it he a cosine, cotangent, o-r cosecant, 
iuhtract. The result will be the required sine, cosine, &c. 

Examples. 



I. Find the nat. sine of ii** 44' 27'^ 
Nat, sine 12** 44' == 220414 

473 X 27 
Tab. diflf. = + 128 



100 



220542 
Am,: Sine 12° 44' 27' = 220542 



To obtain the parts for the seconds we 
multiply the tabular difference by the 
number of seconds and divide by 100, 
thus : — 

Tab. diff. 473 
No. of seconds X 27 

33" 
946 



127,71 



2. Find the nat. cosine 31" 2S' 42", 
Nat. cosine 31° 28' = '852944 

253 X 4a 

Tab. diff. = — 106 



100 



•852838 
Ana,: Cosine 31*' 28' 42* = -852838 



128 nearly 
To divide by 100 we have merely to 
cut off tho-two right hand figures. 

Tab, diflf, 253 
Seconds X 42 



506 
1012 

106,26 

106 



The reason of this rule is founded on the principle that for a small interval, such 
as one minute, the increase of the sine is proportional to the increase of the angle. 

Examples for * Praotioe. 



To find the nat. sine of 

26' 14' 19* Nat. Sine 4447 17 

34 48 15 ,-„ 570774 

60 7 18 „ 867085 

71 20 43 „ 947463 

50 o 56 „ 766217 

31 44 ai „ 370383 



46*^22' 37* 
76 57 49 
43 39 S5 
^S 23 36 

53 7 49 
86 3 17 



Nat. Sine ...*.... 723895 

974228 

690455 

909187 

8 

997630 



it 



ft 



To find the nat. cosine of 

18® 19' 17* Nat. Cosine 919308 

14 15 3 ,t 969227 

70 47 40 „ 328958 

So 22 22 „ 167237 

5 aa 10 „ 995612 



46' 31' 41* Nat. Cosine 688000 

6 S3 5^ tt 992761 

29 40 48 „ 868805 

38 31 10 „ 782397 

16 12 54 „ .«.**• 960219 
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If the value of the sine, cosine, &c., be given, and it is required to 
find the angle, we use the following rule : — 

EULE XVI. 

1°. Find in the tables the next lower nat, sine, nat, cosine, 8fc., and note 
the corresponding degrees and minutes, 

2°. Subtract this from the given sine, cosine, 8fc., multiplying the difference 
ly I oo, divide hy the tabular difference and consider the result as seconds, 

3°. J/ the given value be that of a sine, tangent, or secant, add these seconds 
to the degrees and minutes found in i°, if it be that of a cosine, cotangent, 8fc.j 
subtract. The result will be the required angle. 

Examples. 

I. Given the natural sine = ©'732156 : find the angle. 

Given nat. sine 732156 

Sine 47" 4' = 732147 next lower in table XXVI. 



Tab. diflf. = 327 327) •900(3*' nearly (additional seconds for nat. sine). 

981 Am. : 47° 4' 3*. 

The log. 732156 is sought for in table XXVI, Norie, but as it cannot be found 
exactly, the next less is taken which corresponds to 47° 4'. The difference of the logs. 
is then found, two cyphers ^addod (which is equivalent to multiplying by 100), and 
the product divided by the tabular difference, the quotient is the additional seconds. 

2, Given the natural cosine 853267 : find the angle. 
Given nat, cosine 853267 
Cosine 31° 26' = 853248 



Tab. diff. ^=253 253)1900(7" (to be sitbtr acted). 

1771 



31° 26' 



o- 
7 



129 Ans,: 31'' 25' 53 

Examples for Practice. 
Given the nat. sines, to find the angle. 

•456480 27° 9' 37* 

•898002 63 53 17 

•370383 21 44 21 

•8 53 7 49 

•6 or 2^ 36 52 II 

•75 48 35 25 

Given the nat. cosine, to find the angle. 

•448807 63^ 19' 58" 

'948397 ,, 18 29 12 

•726998 43 21 53 

•702017 452439 

•514841 59 047 

J|5 5 43 57 

20 ^^'^ 36 52 12 



31 25 53 



•92041 1 , , 6&^ 59' 10* 

•444 26 21 34 

•20389 1 1 45 46 

•740912 47 48 33 

163 

^ or -529221 31 57 10 



13 



,-j or'928571 21 47 12 



14 



23^*54' 



9" 

4 
4 



•914237 

•769388 3942 

•974822 12 53 

•817726 35 8 32 

•215515 77 33 15 

•896 , 26 21 46 

r4 or -785714 38 12 47 

il or-9375 20 21 51 
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In order to apply logarithmic calculations to trigonometrical quantities, 
it is necessary to construct tables of logarithms of the natural sines, 
cosines, &c., and the real logarithmic sines, tangents, &c., are just the 
logarithms of those numbers which are the natural sines, tangents, &c.* 
In practice the logarithmic are generally far more useful than the 
natural sines, &q., though the latter are often necessary, or, in some 
simple kinds of calculation, preferable. 

As all the sines and cosines, all the tangents from o° to 45°, and aU 
the cotangents from 45* to 90°, are less than radius or unity ; the loga- 
rithms of the values of these quantities are decimal fractions and have 
negative characteristics. In order to avoid the necessity of entering 
negative numbers, i o is added to every logarithm before it is registered in 
the tables of logarithmic sines. 

Thus, on referring to the table of natural sines (Table XXVI, Norie), wo find that 
sine 16° = 0*275637. If we calculate the logarithm of 0*275637, we find that its 
value is 1*440338 ; if to this 10 is added, we find that 

Log. sine 16" = 9*440338. 

In trigonometrical operations this is convenient, but principally 
because the extraction of roots very seldom occurs. The same thing is 
done, for the sake of uniformity, with logarithmic tangents, though only 
those of angles under 45° would, as just stated, have negative indices. 

It may be observed here that the uniform addition of 10 to the index 
gives the logarithm of 1 0000 million times the natural number. 

Thus, 9*599327 is the log. of 3979486000, and this latter number is the natural sine 
corresponding to a radius of loooo millions, instead of a radius of unity. 

The table of logarithmic sines, cosines, tangents, cotangents, secants, 
and cosecants, contain all arcs from i' of a degree through all magnitudes 
up to a quadrant or 90°, the log. of radius as just stated being 10. At 
the top of the page is placed the number of degrees, and in the left 
hand column each minute of the degree, opposite to which are arranged 
the numerical values of the log. sine, cosine, &c., of the corresponding 

♦ There are independent methods of calculating logarithmic tables, but any investi- 
gation of these methods would be out of place in these pages. 
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angle in those columns, at the top of which those terms are placed. 
The headings of the columns run along the top, thus as far as 44°. Th« 
degrees from 45* to 90° are placed at the bottom of the page, and the 
minutes of the degree arranged in a right hand column, so that the 
angles read off on the right hand side are complementary to those read 
off at the points exactly opposite on the left hand side, the values of the 
sines, cosines, tangents, &c., being found in the columns at th« bottom 
of which those terms are found. This arrangement is rendered practi- 
cable by the circumstance of the sines, tangents, &c., of angles being 
respectively equal to the cosines, cotangents, &c., of the complements 
of the same angle. 

Besides the column headed sine, tangent, &c., are three smaller 
columns headed **Diff.'' They contain the difference between the 
values of the sines, cosines, &c., of consecutive logarithms corresponding 
to a change of 100" in the arc ; and it should be kept in mind that the 
same difference is common to the sine and cosecant, to the tangent and 
cotangent, and to the secant and cosine. They are inserted for the 
convenience of finding the values of the sines and cosines, &c., of angles 
which are expressed in degrees, minutes, and seconds. 

In the use of these tables, as in that of the natural sines, two questions 
present themselves : — First, having given the angle in degrees, minutes, 
and seconds, required the log. sine, log. cosine, &c. Second, having 
given the log. sine, log. cosine, &c., required the value of the angle in 
degrees, minutes, and seconds. 

If the angle whose logarithmic sine, tangent, &c., it is required to 
find, be given in degrees and minutes, look for the degrees, if the angle 
be less than 45°, at the top of the page, and for the minutes in the left 
hand column : if the angle be greater than 45°, look for the degrees at 
the bottom of the page, and for the minutes in the right hand column : 
the logarithm of the proposed function of the angle will be found opposite 
the nimibers in its proper colunm. 

Examples. 



Log. Bine of 40* 4' 
Log. cosino of 21 38 
Log. tangent of 84 13 
Log. cotangent of 55 58 
Log. secant of 70 20 
Log. cosecant of 8 35 



is 9*808669 
9*968278 
10*994466 
9*829532 
„ 10*472954 
10*826092 



»> 



» 



>} 



ft 



Log. sine of 57® 5' is 

Log, cosine of 79 51 » 
Log, tangent of 21 50 „ 
Log. cotangent of 27 45 „ 
Log. secant of 44 59 „ 
Log. cosecant of 69 54 



ft 



9*924001 
9*246069 
9*602761 
10*278911 
0*150389 
0*027291 
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If the y^lue of the angle be given in degrees, minutes, and seconds, 
we proceed by 

EuLE XYTE. 

1°. Mnd from the table the sine, cosine, Sfc,, which corresponds to the 
degrees and minutes, 

2°. Multiply the tabular difference by the seconds, and divide by i oo. 

3°. If the required quantity be a sine, tangent, or secant, add the result to 
the last figures obtained in 1°; if it be a cosine, cotangent, or cosecant, subtract. 

The result wiU be the required sine, cosine, &c. 

Examples. 

I. Find the log. sine of S'* 36' 27". 

Log. sine 6° 36' = 9*060460 Tab. diiF. 181 7 

27" gives +491 X 27 

9*060951 127 19 

3634 

490*59 



or 491 
Ans, : Log, sine 6° 36' 27* = 9060951. 

a. Find the log, cosine of 13° 5' 32". 

Log. cosine 13° 5' = 9*988578 Tab, diflf. 50 

32* gives —16 * X 32 

9*988562 100 

150 



16,00 



or 16 

Am, : Log. cosine 13° 5' 32' = 9*988562, 

When the angle is greater than 90°, subtract it from 1 80% and look 
for the remainder, which is called its supplement, in the tables. 

Thus, to find the log. sine of 120° 24', subtract it from 180°, and look for the log, 
sine of the remainder (namely 69° 36'), which is 9*971870; or log. sine 120' 24' = 
9*971870. 

3, Find the log. tangent of 128"* 55' 47". 

Supplement of the given angle = 51® 4' 13*, 
Log. tangent 51° 4' = 0*092664 Tab, diflf. 431 

+ 56 X 13 

c'092720 1293 

431 

56,03 

or s^ 
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But a readUr way will, in goneral, be to diminisli the given angle hy 
90°, and to look out the remainder according to the following rule : — 

ExTLB xvni * , 



If A denote any angle less than 90°, then 

For sine (90 + A) take out 

,, tangent ..(90 + A) 

,, secant ....(90 + A) 

„ cosine ....(90 + A) 

„ cosecant . .(90 + A) 

,, cotangent . . (90 + A) 



cosine A 

. cotangent A 
. . . cosecant A 

sine A 

. . . secant A 
. . . tangent A 



Thus, to find the log. cosine of 1 10", or log. cosine (90 + 20), take out the log. sine- 
ao®, which is 9*534052. 

To find the log, secant of 160"* 12', take out the cosecant 70" 12', which is 10*026465, 

Log. cosine of 143" 24' =2 Log. sine 53" 24' is 9*9046 17 
Log. cosecant of 99 37 = Log. secant 9 37 „ 0*006146 
Log. sine of 109 2 =1 Log. cosine 19 2 „ 9*975583 

Required the log. sine, tangent, secant, cosine, cotangent, and cose- 
cant corresponding to the following arc : — 

I. 
2. 

3. 

4. 

5. 
6, 

If the value of the log. sine, log. cosine, &c., be given, and it is re- 
quired to find the angle, we use 

Etjle XIX. 

1°. Find in the tables (XXV, Norie) the next lower\ log, sine, log, cosine, 
SfCj and note the corresponding degrees and minutes, 

2®. Subtract this from the given log, sine, log, cosine, 8fc,, multiplg the 
difference by 100, i.e., annex two cyphers, divide by the tabular difference, 
and consider the result as seconds. 



6^53' 56^ 


7. 42^50' 3 i* 


13. 


37" 30' 2" 


19. 87^^28' 45' 


25. 


112° 8' 34* 


12 13 58 


8. 48 35 35 


14. 


28 3 33 


20. 75 52 39 


26. 


128 ssl 


24 9 30 


9- 56 54 17 


15. 


46 31 41 


21. 115 34 41 


27. 


108 23 50 


37 49 H 


10. 65 25 38 


16. 


70 47 40 


22. 119 40 48 


28. 


163 43 19 


18 19 17 


II, 10 10 6 


17. 


80 22 22 


23. 176 6 20 


29. 


139 6 47 


32 40 18 


12. 19 10 40 


18. 


820*6791 


24- 132 53 41 


30- 


124 54 17 



* This rule may easily he rememhered hy ohserving that to the sine, tangent, and 
secant, co is prefixed, while from the ^sine, ^secant, and (^tangent, the co is dropped, 
and in each case the excess ahove 90° of the angle is used. 

t If the given log. he a cosine, cosecant, or cotangent, we may se«k out the next 
greater to the given log. ; then proceed hy 2° to find the seconds, which add to the 
degrees and minutes as found hy 1". 
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3*^. If the given value he that of a log, 8in$j log tangent, or log. secant, 
add these seconds to the degrees and minutes found in i° ; if it he that of a 
log. cosine, log, tangent, or log, cosecant, subtract. 

The result will be the required angle. 

Examples. 

I. Given log. sine = 9*422195 (or i '422 195) : find the angle. 

Given log. sine 9*422 195 
Tab. log. sine next less 9*421857 = log. sine 15° 19' 

Tab. diflf, for 100* = 7 6 8) -33 800(44* additional seconds 

3072 



3o8<^ 
3072 

Therefore 9*422195 = log, sine of 15° 19' 44*. 

2, Given log. cosine = 9*873242 (or 1*87 3242) : find the angle. 

Given log. cosine 9873242 
Tab. log. cosine next less 9*873223 = log. cosine 41° 41' 



Tab. difF, = 187 



19 
i9_X 100 

187 



= 10" suhtractive. 

Am. : 41"* 40' 50*. 



86 



3, Given log, tangent — rrr : find the angle. 



357* 



86 



-• = — '240896, a negative mantissa =: 1759104, adding 10 to the index 
001 

gives 9 '75 9 1 04 for the tabular log. tangent ; and very nearly corresponding to this is 
found the angle 29° 52'. 

Bequired the Angles (to the nearest second), the Log. Sine of which 



IS : — 

I. 9*741279 5. 8*600700 9. 9*929638 

*• 9"5i83i7 6. 9-926100 10, 9*500000 

3. 9*693451 7. 9903534 II. 9' 800000 

4. 8-707654 8. 9*891164 12. 9*706176 

Find the Arc to the Log. Cosine of 



13- 
14. 

15- 



I. 9*787140 3- 
*. 9750333 4. 



9*995637 5. 9*517232 
9*179726 6, 9*212036 



7- 
8. 



■i '559234 
7-422195 

N**«-3r8 



9*932338 
9*998970 



16. 9*700000 

17. 8*846217 

18. 8*462167 



9. 
10. 



8*967391 
9*000000 



Find the Arc ,to the Log. Secant of 



1. 0*013839 3, 0*000765 

2. 0*205665 4. 0*048398 



5, 0*746129 7. 0*022716 

6. 0*111777 8. 0*054304 



Find the Arc to the Log. Cosecant of 



1. 0-347194 4. 0*974476 7. 

2. 0*252208 5. 01 21000 8. 

3. 0*417357 6, o' 168600 9. 

G 



11*000873 
11*467931 
11*711010 



10. 0*070362 

1 1 . 0*900000 

12. 0*009000 



9. 0*315400 
10. 0*497691 



13. 0*630000 

14. 0*061462 

15. 0*109761 
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Find the Arc to the Log. Tangent of 



I. 
a, 

3- 


0*636863 4. 0*536102 7. 11-276400 
O'oooioo 5. 0*150328 8, 9609825 
0*827204 6. 0060431 9. 0*198503 

Find the Arc to the Log. Cotangent of 


10. 
II. 
12. 

> 


8*297036 
9642876 
0-846215 


13. 
14- 
15. 


9-846-175 

0*060431 
1.97 

4U8 


I. 

2. 

3- 


9*742691 4. 0*060431 7. 8*327691 

0-876432 5. 0*710880 8. 9-791422 
9*846175 6. 0-545104 9, O'OIOIOI 


10. 
11. 
12. 


0*000276 
9*100100 
0825001 


13. 
14. 

15. 


8*460000 
9*374611 
9367736 
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DEFINITIONS. 

Navioation is a general term denoting that science which treats of the 
determination of the place of a ship on the sea, and which furnishes 
the knowledge requisite for taking a vessel from one place to another. 
The two fundamental problems of navigation are, therefore, the finding 
at sea the present position of the ship, and the determining the future 
course. 

The place of a ship is determined by either of two methods, which 
are independent of each other: — ist. By referring it to some other 
place, as a fixed point of land, or a previous defined place of the ship 
herself. 2nd. By astronomical observations. 

It has been customary to employ the term Navigation in a restricted 
sense to the first of these methods : the second is usually treated of 
under the head of Nautical Astronomy. 

Navigation and Nautical Astronomy aro the two great co-ordinate divisions of the 
" wlrt of Sailing on the Sea,** as the old writers quaintly worded it. The first branch 
of the art is accomplished by means of the Mariner's Compass, which shows the 
direct hn of the ship's track ; the Log, which with the help of sand-glasses for measuring 
small intervals of time, gives the velocity or the rate of sailing, and thence the distance 
run in any interval, and also a Cliart of appropriate construction ; in short this 
branch of the art relates to the directing the ship's course under the varying forces 
of winds and currents, and the estimation of her cliange of place. The second division 
is that branch of practical astronomy by which the situation of the observer on the 
globe is ascertained by a comparison of ths position of his Zenith with relation to the 
heavens with tJ^e known position of the Zenith of a known place at the same moment. The 

Srincipal instrumtmts are the sextant for measuring the altitudes and taking the 
istances of heavenly bodies ; and a chronometer to tell us the difference in time 
between the meridian of the ship and the first meridian ; also^ a pre-calculated astro- 
nomical register, such as the Nautical Almanac, the Connaissance de Temps of France, 
&c. The solution of problems in nautical astronomy requires the use of spherical 
trigonometry, which is therefore characteristic of this method of navigation. 
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The earth, is nearly a globe or sphere. 

The ordinary proofs of this are of the following nature : — ist. When a vessel is 
seen at a considerable distance on the sea, in any part of the world, the hull is ' 
entirely or partly concealed by the water, though the masts are visible. 2nd. Ships 
have actually and repeatedly made the circuit of the globe ; that is, by sailing from 
a port in a westerly direction they have returned to it in an easterly direction. 3rd. 
When we travel a considerable distance from north to south, a number of now stars 
appear, successively, in the heavens, in the quarter to which we are advancing, and 
many of those in the opposite quarter gradually disappear, which would not happen 
if the earth were a plane in that direction. 4th. In an eclipse of the moon, which 
is caused by the intervention of the body of the earth between the sun and moon, 
the shadow of the earth thrown on the moon is found in all, cases, and in every 
position ot the earth, to be a circular figui'e ; the earth, therefore, which casts that 
shadow, must be a round body. 

The earth, however, is not a perfect sphere, but of the figure of an 
oblate spheroid, being flattened in at the poles ; that is, such a figure 
as would be produced if a hoop were slightly flattened by pressure, 
and then made to revolve about the shortest diameter thus produced. 

The shortest diameter (that which joins the poles) being 7899 statute 
miles, and that of the fullest parts (about the equator) being nearly 26 J 
more. 

We can, of course, in a work like this give no intelligible account of the refined 
mathematical processes by which the most probable values of the flattening in, and 
of the absolute dimensions have been obtained. It is sufficient to say, that from a 
combination of the measurements of ten arcs of the meridian, Bessel has deduced the 
following results : — 

Greater, or equatorial diameter . . , . 41,847,192 feet = 7925*604 miles. 

Lesser, or polar diameter 41,707,324 „ =. 7899*114 ^ 

Difference of diameter, or polar compression . 139,768 „ = 26*47 1 # 

Proportion of diameters, as 299*15 to 298* 15. 

And from the result it follows that the polar diameter is shorter than the equatorial 
"by about ^-^o (one-three hundredth) part. This quantity is technically called the 
compression. 

With a view to our ascertaining our position on the surface of the 
globe, it is evidently necessary to settle some fixed points or lines to 
which we may refer various places, and by which we may express their 
positions, and also frame directions for sailing over its surface. "With 
a view to these objects, certain lines are imagined to be traced on the 
surface of the earth ; and on the artificial globe, on which the prominent 
features of this surface are depicted, the imaginary lines alluded to are 
certainly drawn. Their definitions, with those of certain remarkable 
points, are as follows : — 
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The Axib of the Eabth is one its diameters about which it is sup- 
posed to turn round once in twenty-four hours. The direction of this 
rotation is from west to east, thus causing all the heavenly bodies to 
have an apparent motion from east to weet. 




Poles. — The extremities of the axis of the earth about which it 
rotates are called the poleg of the earth, distinguished respectively aa the 
Tforth PoUand South Pole — asN, 8. (see fig.) The former being that to 
trhich we in Europe are nearest. As they axe the extremities of a 
diameter they are 1 80° apart. 

Equator (from Latin aquare to divide into equal parts), called also 
by seamen the Line, is a great* circle circumscribing the earth, every 
point of which is equally distant from both poles, as W. M'. E. ; and 
dividing the globe into two equal parts, called hemispheres ; that 



• By a great circle is meant a circle of the sphere having for its centoo, the centre 
of the Bphure, thua dividing the aphero into two equal parts ; no greater circle can be 
traced upon its enrfikce. All other circles are called muiil circles 
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towards tlie north pole is called the northern hemisphere, as N. W. E., 
and the other the southern hemisphere, as S. W. E. (See figure, 
page 44.). 

At all places on this circle the sun rises at 6*> a.m. and sets at 6^ p.m., all the year 
round ; the days and nights are therefore equal, heing 1 2*» each. 

The Meridian of any place is a semi- circle passing through that 
place and the poles, as N. M'. S. (See figure). Every point on the 
surface of the earth may be conceived to have a meridian passing through 
it ; hence there may be as many meridians as there are points in the 
equator. Of all these innumerable meridians one is always selected as 
the principal ov first meridian ; it is a matter of arbitrary choice amongst 
different nations ; thus the first meridian with us is that of Greenwich, 
whilst the French refer to Paris, &c. 

Every portion of the meridian lies north and south ; and places lying 
north and south of each other are said to be on the same meridian. 

The direction of the meridian towards the north pole is called norths and 
marked N ; the opposite direction is called south, marked S. Directions 
at right angles to the meridians are called east and west ; the right hand 
looking to the north east, the left hand west : they are marked E. and W. 

Every meridian line may be said, with respect to the place through 
which it passes, to divide the surface of the sphere into two equal parts 
called the eastern and western hemispheres. 

Meridians (X, Meridies, from mediua dies mid-day) are so called because they mark 
all places which have noon at the same instant, for when any one of the meridians is 
exactly opposite the sun it is mid-day with all places situated on that meridian ; and 
with the places situated on the opposite meridian it is consequently midnight. They 
also mark out all places which have the same longitude, and are hence called "Circlet 
of Longitude.** 

Latitude is the distance of a place from the equator, measured in 
degrees (°), minutes ('), and seconds ("),* on the meridian of the place, 
or it is that portion of the meridian of a place, included between the 
place and the equator; it is marked north (N.), or south (8.), according 
as the place is to the north or south of the equator. Thus, A' M', (fig., 
page 44) is the latitude of a place A', and is marked N., because A' is to 
the north of W. M'. E. : whilst the latitude of B' is M' B', and is marked 
S., because the place B' is to the south of the equator. 

♦ All circles are supposed to be divided into 360 equal parts called degrees ("). 
60' (minutes) make one degree, and 60" (seconds) make one minute. 
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As the latitude begins at the equator (lat. 0°), and is reckoned thence 
to the poles, (latitude 90°,) all other places must have their latitude 
intermediate between 0° and 90°. 

Parallels of Latitude are small circles of the sphere parallel to 
the equator ; they mark all places on the earth, which have the same 
latitude ; and all places of the same latitude being at the same distance 
from the equator, are said to be on the same parallel : thus (fig., page 
44), 0, F, and h B', are parallels of latitude, and all places on 0, F, and 
h B', &c., have the same latitude, being on the same parallel. 

TuE Difference of Latitude (abbreviated diff, lat,) between two 
places is the arc of a meridian included between their parallels of lati- 
tude, shewing how far one of them is to the northward or southward 
of the other ; thus (fig. p. 44) A' h is the difference of latitude of the two 
places A B' ; F S between the places F T. The difference of latitude 
between two places can never exceed 1 80°. 

It is evident, that when two places are on the same side of the equator, 
their diff. lat. is found by subtracting the lesser latitude from the greater; 
and that when they are on opposite sides of the equator, that is, when 
one place is in north latitude and the other in south latitude, the sum 
of their latitudes is the diff. lat. Thus, the diff. of lat. of A' B' which 
is A' 5, is the sum of the north lat. A' M', and of the south lat. Z B' or 
M' B'. 

The difference of latitude of the ship is therefore the distance made 
good in a north or south direction. This is also called her ** northing^'. 
or ** southing,'*^ these names being indicated by their initials N. or S. 

Meridional Parts. — At the equator a degree of longitude is equal to 
a degree of latitude, but as we approach the poles, while (upon the 
supposition that the earth is a sphere) the degrees of latitude remain 
the same, the degrees of longitude become less and less. In the chart, 
on Mercator's projection, the degrees of longitude are made everywhere 
of the same length, and, therefore, to preserve the proportion that exists 
at different parts of the earth's surface between the degrees of latitude 
and the degrees of longitude, the former must be increased from their 
natural lengths, more and more as wo recede from the equator. The 
lengths of small portions of the meridian thus increased, expressed in 
minutes of the equator, are called meridional parts ; and the yneridional 
parts for any latitude is the line, expressed in minutes of the equator, 
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into widcli the latitude is thus expanded. The meridional parts com- 
puted for evei7 minute of latitude from o"" to 90°, from the talle of 
meridional parts, which is chiefly used for 'finding the meridional dif- 
ference of latitude in solving problems in Mercator's sailing, and for 
constructing charts on Mercator's projection. 

The Meridional Difference of Latitude is the quantity which bears 
the same ratio to the difference of latitude that the difference of lonjri- 
tude bears to the departure. It is the projection of the difference of 
latitude on the Mercator's chart, and takes its name from the meridional 
parts by the use of a table of which it is found. 

Middle Latitude. — ^When the two places are situated on the same 
«ide of the equator, the middle latitude is the latitude of the parallel 
passing midway between them ; its value is therefore half the sum of 
the latitudes of the two places. When the two places are situated in 
opposite sides of the equator, the simple ** middle latitude" is replaced 
by the two half latitudes of each of the places. (See Ilapor*s Naviga- 
tion, page 98.) 

Longitude is the arc of the equator, intercepted between the meri- 
dian of the place and the first meridian ; and it is named east (E.), or 
west (W.), according as it is east or west of the first meridian. 

Longitude is reckoned from the meridian of Greenwich both east 
and west as far as 1 80°. 

It will be evident that the latitude alone will be insufficient for the determination 
of the position of a place. If we state that a certain place is 45" north of the equator, 
it -will be impossible to ascertain certainly the place in question, inasmuch as there is 
a circle of points on the earth, all of which are 45"* north of the equator. If we sup- 
pose a circle drawn round the surface of the northern hemisphere parallel to the 
equator, at the distance firom the equator of 45', every point of such circle will be 
equally characterized by the latitude of 45". But if we state its latitude and longitude, 
we can fix at once and unequivocally, the position of the place. Thus, let us suppose 
that its latitude is 50° north, its longitude 30° east of Greenwich ; its position will be 
found by imagining a circle parallel to the equator, drawn upon the northern hemis- 
phere at a distance of 50'' from the equator ; then supposing a meridian drawn through 
Greenwich intersecting this parallel, and another drawn so as to cross the equator at 
a point 30° east of the former ; the place in question will be upon the line parallel to 
the equator first drawn, inasmuch as it will be 50° north of the equator, and it will 
also be in the meridian last drawn, inasmuch as it will be 30® east of Greenwich. 
Since, then, it will bo at the same time upon both these lines, it will necessarily be 
at the point where they cross each other at the east of the standard meridian of 
Greenwich. 

Difference of Longitude between two places is the arc or portion 
of the equator included between their meridians, or, which is the same 
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thing, tlie corresponding angle at the pole ; thus M' W is the difference 
of longitude between A' and H. To measure, therefore, the diff. of 
longitude of two jilaces, we must follow down their meridians to the 
equator, and then take the included portion of the equator itself. 

The Course is the direction in which a ship sails from one place to 
another, this direction being referred to the meridian, which lies truly 
north and south, or to the position of the magnetic needle by which the 
ship is steered. The former is distinguished as the Trus Course, the 
latter as the Compass Course, The course steered is also distinguished 
from the course made good, which is the angle between the meridian 
and the ship's head. 

The course is reckoned from the north towards the east or west, when 
the ship's head is less than eight points from the north ; and similarly 
from the south point. 

The course is measured in points of 11° 15' each, or in degrees and 
minutes. 

When a ship in sailing from one place to another, preserves the same 
angle with the meridians, as she crosses them in succession, she is said 
to sail on a buumb line. ThiLs, a ship in sailing from A to F (fig. page 
44) is supposed to describe on the sea a curve A F, which cuts the 
meridians NAF, NBF, NCF, &c., at the same angle; that is, the 
angles NAF, NBF, NCF, are supposed to be equal. The rhumb 
line coincides with the meridian when the course is due N. or S., or 
with a parallel of latitude when the course is due E. or "W. On any* 
other course but these the rhumb line is a spiral, approaching nearer 
and nearer to one of the poles at every convolution. 

The word rhumb was formerly applied to the points of the compass, and having 
to sail on a " rhumb," was to sail on a particular compass direction. The rhumb 
line is also called the "Equiangular Spiral^* and the "Loxodromic Curved It is the 
track used ordinarily in navigation, for when out of sight of land the compass deter- 
mines the ship's track, and hence the selection of that track which makes a constant 
angle with the meridian, the advantage of such a selection being that the seaman is 
not required to alter his course. When in sight of his port the compass is no longer 
needed, and the rhumb lino is given up, and the port is made for on the great circle. 
When accurately following the compass course, we are, in strictness, only approxi- 
mating, though very closely approximating, to a rhumb line, on account of the con- 
tinuous change in the variation due to the magnetic jwle and the pole of the earth 
not being coincident. 
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TiiE Distance between two places is the arc of the rhumb line joining 
them, expressed in nautical miles, of 60 to the degree of latitude.. Thus, 
the length of line A F expressed in minutes of a great circle of the 
earth, is called the distance.* 

It is not the shortest distance, that is the distance as the " crow flics." On a Mer- 
cator's Chart the rhumb is represented by a straight line, but it must be borne in 
mind that equal parts of any such line do not represent equal distances on the earth. 

Depahture is the distance, in nautical miles, made good due east or 
due west, and is marked east (E.), or west (W.), according as it is made 
good towards the east or west. In the former case it is called * * easting, " 
in the latter "westing," and such departure is expressed in mtleSy and 
not like the longitude, in arc. Thus, if a ship sails from a place A to 
another B, AB is the distance; AC drawn N. and S., or in the meri- 
dian, shows the angle CAB the course; BO drawn E. and W., or 
perpendicular to C A, is the departure ; and A C is the dtff. of lat. 




D. LAT. 



D. LAT. 



DEP. 








If a ship's course be due north or south, she sails on a meridian, and 
therefore makes no departure : — hence the distance sailed wUl be equal 
to the difference of latitude. 

If a ship sails either due east or due west, she sails on a parallel of 
latitude ; in which case she makes no difference of latitude, and the de- 
parture is identical with the distance. 

When the course is 4 points, or 45 degrees, the difference of latitude 
and departure are equal. 

When the course is less than 4 points, or 45 degrees, the difference 
of latitude exceeds the departure ; but when it is more than 4 points, 
or 45 degrees, the departure exceeds the difference of latitude. 

The Bearing of an object or place is the angle contained between 
the meridian and the direction of the object, and is tlie same thing as 
the course towards it. Taking a bearing of an object is called setting it. 



Minutes of a great circle are usually called nautical miksj or simply miles. 



H 



JO 

PKELIMINARY EXILES IN NAVIGATION. 



Given the latitude from and latitude in or to, to find the true difference 
of latittide. 

EULE XX. 

To find the difference of latitude. (For definition, see pages 45 
and- 46.) 

iBt. When the latitudes have like names — Subtract the less latitude 
from the greater^ and multiply the degrees in the remainder hy 60, adding in 
the minutes ; place N. or S. against the result, according as the lat, to is North 
or South of the lat. from. The result is the true difference of latitude. 

2nd. When the latitudes have unlike names — Take the sum of the two 
latitudes, reduce it to minutes, and attach "N. or 8. according as the lat. to is 
N. or S. of lat. from. The result is the true difference of latitude. 

Examples. 



Ex. I, Find the diff, of lat, between 
Tynemouth Light, in lat. 55° i' N., and 
the Naze of Norway, in lat. 57° 58' N. 

Lat. Tynemouth 55° i' N, 
Lat. Naze 57 58 N. 



2 57 
60 



D. lat. 177 N. 

The lat. from (Tynemouth) and lat. to 
(Naze) being of the same natney that is, 
both North, the difference of them is 
taken for the diff. lat., and since we have 
to pass from a lower North lat. to a 
higher, the diff. lat. is marked North (N.) 

Ex. 3, A ship from lat. 32° 40' N. 
sails into lat. 20° 47' N : what is the diff. 
of lat, made P 

Lat, from 32° 40' N, 
Lat. to 20 47 N. 



II 53 
60 



713 S, 

The ship here passes from a higher N, 
lat. to a lower N. lat., and to do so must 
evidently sail S, ; whence we mark 
d, lat. S, 



Ex, 2, Required the diff. of lat. be- 
tween Cape Formosa, in lat. 4° 15' N,, 
and St. Helena, in lat. 15° SS' S« 

Lat, C, Formosa 4* 15' N. 
Lat. St, Helena 15 55 S. 



20 10 
60 



D. lat. 



1210 



S. 



The lat. from (C, FormosaJ is Norths 
and the lat. to (St. Helena) is South, it 
is evident that the ship must sail South 
in order to pass from North lat. into 
South ; whence we put South (S.) to the 
diff. of lat. 

Ex, 4. Required the diff, of lat. be- 
tween Port Natal, in lat, 29° 53' S., and 
Akyab, in lat, 20° 8' N, 

Lat. Port Natal 29*53' S. 
Lat. Akyab 20 8 N. 



50 I 
60 



3001 N. 

As the ship (Port Natal) is S. hemis- 
phere and Akyab is the N. hemisphere, 
to pass from the former into the latter 
the ship must sail N. 
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Ex. 5, A ship from lat. 50° S. arrives 
in lat, 45° 29' S. : what is the diff. of lat. 

Lat. from 50° o' S. 
Lat. in 45 29 S, 



- 4 31 
60 



271 N. 

Here the ship passes 6t)m a higher to 
a lower S.lat., and to do so must evidently 
sail N. ; whence the d. lat, is marked N. 

Ex. 7. A ship from lat. 23° 48' S. is 
bound to a port in lat. 31° 12' N. : what 
d. lat, will she make. 

Lat, from 23^48' S. 
Lat. to 31 12 N, 



Ex. 6. A ship from lat. 13° 45' S., 
arrives in lat, 26° 15' S, : Eequired d. lat. 

Lat. from 13° 45' S. 
Lat, in 26 15 S. 



12 30 
60 



SS o 
60 



D. lat. 3300 N, 



750 S. 

Here the ship passes frt)m a lower to a 
higher S. lat., and to do so must evidently 
sail S. ; whence S. is marked against 
d. lat. 

Ex. 8. A ship from a place A, in lat. 
54° 39' N,, is bound to a place B, in lat. 
46° 2 1' S. : required the d, lat, 

Lat. A 54° 39 N. 
Lat, B 46 21 S. 



lOI o 

60 



D. lat, 6060 S, 



When one of the places has no latitude, or is on the Equator, the latitude of the 
other place is the difference of latitude. 



Ex. 9. A ship from a place A, is lat. 
10** N„ arrives at a place B, in lat, o* : 
required the D, lat, made. 



Lat. A 
Lat. B 



10" 

o 

10 
60 



N. 



D. lat. 600 S. 



Ex. 10, A ship from a place A, lat. 0°, 
is hound to a place B, lat, 25° S : Re- 
quired the D. lat, 

Lat. A o» 
Lat. B 25 S, 



»5 
60 



D. lat. 1500 S. 

Since lat, is reckoned from the Equator 
lat. 0° (N, or S.) to pass from 0° to 25° S., 
the ship must evidently sail S ; whence 
the d. lat, is marked S. 

Eeqxiired the difference of latitude between the place A and the place 
B in each of the following examples : 



I. 


Lat. A 55° 0' N. 
B 58 23 N. 


2, 


Lat. A 5o» 38' N. 
B 42 48 N. 


3- 


Lat, A 2o°36'IS, 
B 18 48 N. 


4. 


Tiat. A 58° 24 S, 
B 63 17 S, 


5. 


Lat. A 4° 21' N. 
B 5 39 S. 


6. 


Lat. A f 42 S. 
B I 48 K 


7. 


Tiat. A 13° 15' S. 
Boo 


8. 


Lat, A 0° 0' 
B 2 37 S, 


9- 


Lat, A io°io'N, 
Boo 


0. 


Lat. A 0" 0' 

B 20 30 N. 


II. 


Lat. A cf 17' S. 
B I 17 N. 


12. 


Lat. A 49^58' N, 
B 36 7 N. 


3- 


Lat, A 49° 52' S. 
B 42 13 S. 


14. 


Lat. A i5°53'S. 
B 23 55 S, 


15. 


T,a,t. A 65° 42' N. 
B 70 30 N. 
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To find the meridional difference of latitude, having given the latitude 
£x)m and latitude in. 

EULE XXI. 

To find the meridional difference of latitude. (For definition, see 
pages 46 and 47.) 

Take the meridional pa/rts for the two latitudes from the table of-meridional 
parts ; take the difference if the latitudes are of the same name, hut their sum 
if the names are imlike. The result is the meridional difference of lat. 

Examples. 



Ex, I. Lat. A 49° ic N., lat, B 27** 
40' N. : find the mer. diff. of lat, 

Lat, A 49° 10' N. M, parts 3397 
B 27 40 N, „ 1729 

Mer. d, lat, 1668 

Ex, 3. Lat. left 29** 53' S., and lat. to 
20° 8' N, : required mer, diff. lat, 

Lat left 29° 53' S. Mer. parts 1880 
Lat. to 20 8 N. „ 1234 



yi 



Mer. d. lat. 3114 

Ex. 5. Lat, from 36° 57' N., and lat, 
to 49° 58' N. : required the mer, diff, lat. 

Lat. from 36* 57' N. M, parts 2389 
Lat. to 49 58 N. „ 3471 

Mer, d, lat. 1082 



Ex. 2. Lat, left 49' 58' N., and lat. 
bound to 32° 42' N. : find mer. diff". lat, 

Lat. left 49° 58' N. M. parts 3471 
Lat. to 32 42 N. „ 2078 



Mer. d. lat. 1393 

Ex, 4. Lat. from 46° 40^ N., and lat. 
to 34° 22' S, : find the mer. d, lat, 

Lat. left 46° 40' N. Mer. parts 3173 
Lat. to 34 22 S. „ 2198 

Mer, d. lat. 5371 

Ex. 6. Lat. from 8* 57' N., and lat. 
to 36° 50' S. ; required mer. diff. lat. 

Lat. from 8° 57' N, M, parts 539 
Lat. to 36 50 S. „ 2380 

Mer, d. lat. 2919 



Find the meridional difference of latitude in each of the following 
examples : — 



I . Lat. from 34° 40' N. Lat. in 33° 20' N. 



2, 




14 14 N. 


„ 30 14 N. 


3. 




24 12 S. 


„ 15 18 N, 


4- 




49 10 S, 


yy 52 47 S. 


5- 




40 '5 N. 


„ 41 25 N. 


6. 




50 42 S. 


„ 42 17 s. 



7. Lat. from 8° 4'S. Lat. in 14° 45' N. 

8. „ 15 44 S. „ 4 20 N. 
9- » 15 SS S. „ 23 s^ S. 

10. „ 9 6 N. „ 18 54 N. 

11. „ 60 20 S. „ 67 10 S. 

12. „ 00 „ 4 20 N. 



To find the latitude in, having given the latitude from and true 
difference of latitude. 
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RULE xxn. 

1°. When latitude and true difference of latitude have lihe names — 
To the latitude from add the true difference of latitude (turned into degrees, 
minutes, and seconds, if necessary J ; the sum will he the latitude in, of the 
same name as the latitude from. 

2°. When the latitude from and true difference of latitude have un- 
like names — Under the latitude £pom, put the true difference of latitude fin 
degrees and minutes, if necessary) ; the remainder marked with the name of 
the greater is the latitude in. 

Examples. 



Ex. I. A sliip from lat. 59° 27' S., 
sails South, until the diff. LEit. is 374 
miles : required the lat. come to. 

6,0)37,4 Lat. fi^m 59° 27' S. 
D.lat. 6 14 S. 



6° 14' S. 



Lat. in 65 41 S, 



Ex. 2, A ship from lat. 2° 25' N, sails 
South, 1 80 miles : what lat, is she in ? 

6,0)18,0 Lat, from 2°25'N. 
D. lat. 3 o S. 



3°o 



o 35 S. 

In this example it is evident that as 
the d. lat. is more than the lat. left, the 
ship must have crossed the Equator, and 
consequently has come into South lat. 



Ex. 3, A ship from lat, 55° i' N. sails 
North, 94 miles ; find the lat. in. 

6,0)9,4 Lat, from s$^ 1' N, 
D.lat. I 34 N. 



i'*34 



Lat. in 56 35 N. 



Ex. 4. A ship from lat. 28® 39' N. 
sails South, 131 miles: required tJie lat, 
in. 
6,0)13,1 Lat. from 28**39'N", 
D.lat, 2 II S. 



2° II' 



Lat. in 26 28 N. 



Ex, 5. A ship from lat. o** 40' S. sails 
North, 83 miles : required the lat. in, 

6,0)8,3 Lat, from o°49'S. 
D.lat. J 23 N, 



23' 



Lat. in 



34 N. 



Ex, 6. A ship from lat. 3** 12' N. sails 
South 1 92 miles : required the lat. arrived 
at. 

6,0)19,2 Lat, from 3® 12' N, 
D, lat. 3 12 S. 



3° 12' S, 



On the Equator o o 



Find the latitude in, in each of the following examples : — 



I. 


Lat. from 31* 10' N. 


D, lat. 


172 N. 


9- 


Lat 


. from 


o'' 8'N. 


D.lat, 


1828. 


2, 


„ 29 38 N. 




104 S. 


10, 




- 


39 N. 




098, 


3. 


3 2 S, 




190 N. 


II. 






358N, 




238 s. 


4. 


>y 50 31 S. 




189 N. 


12. 






I 27 S, 




102 N. 


5- 


2 56 S. 




357 N, 


13. 






4 48 S. 




288 N. 


6. 


,f 49 5 N. 




164 S. 


14. 






35 25 S. 




229 S. 


7. 


„ 00 




168 S. 


15- 






I 6 N, 




66 S. 


8. 


„ 38 41 S. 




no N. 


16. 






2 49 S. 




243 N, 
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To find the middle latitude, having given the latitude from and lati- 
tude in. (For definition, see page 47.) 

EULE xxin. 

The names being supposed alikey that is, both North or both South — 
Add together the true latitudes, and take half the sum ; the result is the 
middle latitude. 

Note. — ^When the names are unlike, the middle latitude (which is seldom required, 
but for obtaining the departure) should be found by means of a table ; but in this 
case, it may perhaps be as well to avoid the use of the middle latitude in any of the 
common problems qf navigation. 

Examples. 



Ex. I. Find the mid. lat., having 
given the lat. from 50° 25' N., and lat. 
in 470 12' N. 

Lat. from 50'* 25' N". 
Lat. in 47 12 N. 

2)97 37 

Mid. lat. 48 48 

Ex. 3. Lat. left 6o« 52' N., diff. lat. 
143' N. : required mid. lat. 

6,0)14,3 l-*^*- from 60° 52' N. 

D. lat. 2 23 N. 

2° 23' N. 

Lat. in 63 15 N. 

Sumoflats. 124 7 



Ex. 2. Lat. from 6° 28' S., lat. in 
14° 50' S. : required the mid. lat. 

Lat. from 6°28'S. 
Lat. in 14 50 S. 



2)21 18 



Mid. lat. 62 3J 



Mid. lat. 10 39 

Ex. 4. Lat. left 40° 30' S., diff. lat. 
7 3' '4 N. : required mid. lat. 

6,0)7,3 L^-t. from 40° 30' S. 
D. lat. I 13 N. 



1° 13 N. 



Lat. in 39 17 S. 
Sum of lats. 79 47 
Mid. lat. 39 53^ 



Eequired the middle latitude in each of the following examples. 



I. 

2. 

3- 
4- 
5- 



Lat. from 16° lo' S. 
27 48 S. 
I 40 8. 
36 22 N. 
50 22 N. 






D. lat. 138' S. 
128 N. 

61 S. 

90 S. 
169 N. 






it 



6. Lat 

7« 
8. 

9' 

10. 



A 63«>53'S. 
56 10 N. 

37 36 N. 
67 20 S, 
8 52 N. 



Lat, B 59° Id 8 

50 15 N. 

24 15 N. 

61 42 N. 

4 52 N, 






» 



To find the difference of longitude, having given the longitude from 
and the longitude to. 

EULE XXIY. 

To find the difference of longitude. (For definition, see page 47.) 
I at. When the longitudes are of the same name — Take their difference 
and reduce the same to minutes, place E. or W. against the remainder, ac- 
cording as the long, to is East or West of long. from. 
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2nd. When the longitudes are of contrary names — Take the sum of the 
two longs, y and attach E. or W., according as the long, to is East or West 
of long, from. 

Note, — If the difference of longitude found by the procoding rule exceeds 1 80", 
subtract it from 360°, and reduce the remainder thus found to minutes, attaching to 
it the contrary name to that found in the usual way. 



Ex. I. Find the diff. of long., having 
given the long, from 89^42' W., and long, 
in 79° 42' W, 

Long, from 89° 42' "W, 
Long, in 79 42 W. 



10 o 
60 



D, long. 600 E, 



Ex. 2. Required the diff. of long., 
having given the long, from 12° 20' E., 
and long, in 2° 45' W. 

Long, from 1 2° 20' E. 
Long in. 2 45 "W. 

15 5 
60 



D. long. 905 "W. 



Ex. 3. A ship from Cape Bajoli, long. 
3° 48' E., is bound to Cape Sicie, in long. 
5" 51' E. : required the diff. of long. 

Long. Cape Bajoli 3° 48' E. 
Long. Cape Sicie 5 5 1 E. 



2 3 
60 



D. long. 123 E. 



Ex. 4. A ship from Tjiiemouth, in 
long. 1° 25' W. , is bound to long. 7° 1 2' E. 
required the diff. of long. 

Long, from 1° 25' "W. 
Long, to 7 12 E. 

8 37 
60 



D. long. 517 E. 



Bx. 5. A ship from long. 177° 50' E. 
arrives in long. 178° 10' W. : what diff. 
of long, has she made ? 

Long, left 177° 50' E. 
Long, in 178 10 "W. 

356 o 
360 o 



. 4 o 
60 



D. long. 240 E. 



Ex. 6. From long, 178" 50' W. a ship 
arrives in long, 108" 20' E. : what diff. 
long, has she made P 

, Long, from 178^50' "W. 
Long, to 108 20 E. 



287 

360 


10 




7i 
60 


50 



D. long. 4370 W. 



Ex. 7. A ship from long. 5° 12' W. 
is bound to a port in long, 90° W. : what 
diff. of long, must she have made ? 

Long, from 5° 1 2' W. 
Long, to 90 o W. 

84 48 
60 



D, long. 5088 E. 



Ex. 8. A ship from long. 165" E. is 
boimd to a place in long. 72° 12' E. : 
what diff. of long, must she have made ? 

Long, left 165° o E. 
Long, to 72 12 E. 

92 48 
60 



D. long. 5568 "W. 
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Required tlie difference of longitude between a place A and a place 
B, in each of the following examples : — 



I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 



Long. A 9° 29' W. Long.B 4° 29*"^. 1 1. Long. A 40° 10' E. Long.B 33"* 10' E. 



» 
» 



3 
1 

6 

o 

4 

2 

3 

7 
o 



48 E. 
25 W. 
11 E. 
o 
20 "W. 

45 W. 
15 W. 

2 E. 

55 E. 



ft 
>> 



5 
7 
5 
4 
o 

3 

3 

o 

7 



51 E. 
2 E. 

45^^- 
20 W. 

10 E. 

30 E. 

15 E. 

o 

3.E. 



12. 

13- 

14. 

15- 
16. 

17- 
18. 

19. 

20. 



178 30 W. 
43 9W. 

176 34 E. 

104 o "W. 
38 32 W, 
18 19 E. 

161 10 W. 

122 22 "W. 
5 12 W. 



178 30 E. 

18 29 E. 

176 34 W. 

no 30 W. 

8 43 E. 

5 43 W. 
180 o W. 
Ill II E. 
Z5 12 W. 



To find the longitude in, having given the longitude from and the 



difference of longitude. 



EULE XXV. 



1°. When the longitude from and the difference of longitude have 
like names — To the longitude from, add difference of longitude f turned into 
degrees, if necessary) ; the sum will he the longitude m of the same name 
as the longitude from. 

2°. When the longitude left and difference of longitude have unlike 
names — U7ider longitude from, put difference of longitude fin degrees and 
minutes, if necessary J ; take tht less from the greater ; the remainder, 
marked with the name of the greater, is the longitude in. 

Note. — If the longitude in, found as ahove, exceed 1 80°, subtract it from 360**, and 
attach to the remainder the contrary names to the one directed in the Kule. 



Ex. I. A ship from long. 5" 12' W. 
makes difiP, long. 113' W. : required the 
long. in. 

Long, from 5° 12' W. 
6,0)11,3 D. long I 53 W. 

1° 53' W. Long, in 7 5 W. 

Ex. 3. A ship from long. 0° 57' E. 
sails W. until her diff. of long, is 201' : 
find the long. in. 

Long, from 0° 57' E. 
6,0)20,1 D. long. 3 21 "W. 

3° 21' W. Long, in 2 24 W. 



Ex. 2. A ship from long, i'' 25' W. 
sails E. until her diff. of long, is 177': 
required her long, in. 

Long, from 1° 25' W. 
6,0)17,7 I>- long. 2 57 E. 

2° 57' E. Long, in I 32 E. 

Ex. 4. Let the long, left he 1 74° 4' W. 
and the diff. of long. 797' W. : required 
the lo ng. in. 

Long, from 174° 4' W. 
6,0)79,7 D. long. 13 17 W. 

13° 17' W. Sum 187 21 W. 

360 o 

Long, in 172 39 E. 
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Ex. 5. Long, from 30 40' "W., difiP. of 
long. 220' E. : required the long. in. 

Long, from 3° 40' W. 
6,0)22,0 D. long. 3 40 E. 

3° 40' E. Long, in o o 
On the Meridian of Greenwich. 



Ex. 6. A ship from long. 177° 40' W. 
makes 140' diif. of long, to the W. : re- 
quired the long, arrived at. 

Long, from 177" 40' "W. 
6,0) 14,0 1). long. 2 20 W. 

2'*2o'W. Long, in 180 o W, 

Or 180 o E. 



Required the longitude in, or arrived at, in each of the following 
examples : — 



I. lA 


)ng. trc 


)m 5-48 W. D.J 


Lon 


g IIO W. 


10. JL 


ong.tr( 


5m 41" 29° W. J 


J. lonj 


J. 139 E. 


3. 


>j 


59 W. 


ti 


137 E. 


II. 


a 


27 56 w. 




^74W. 


3- 


» 


29 10 E. 


}t 


114 E. 


12. 


a 


94 4 E. 




115 w. 


4- 


>f 


3 10 E. 


tt 


220 W. 


13. 


a 


98 54 E. 




302 E. 


5- 


» 


2 47 W. 


if 


242 E. 


14. 


if 


178 13 E. 




201 E. 


6. 


» 


3 18 E. 


if 


198 W. 


15- 


a 


177 6 W. 




237 w. 


7. 


it 





a 


100 W. 


16. 


it 


176 20 E. 




220 E. 


8. 


y> 


3 12 E. 


a 


237 W. 


17. 


ti 


179 8 E. 




193 E 


9- 


if 


2 30 E. 


a 


127 E_. 


18. 


a 


179 59 W. 




2 W. 



COEEECTING COUESES. 



The corrections of the compass are those quantities which must be 
applied to the indications of the instrument to obtain the reading that 
would be given if the north point of the compass-card always corres- 
ponded to the north point of the horizon. Three corrections are some- 
times necessary to be applied to the course steered by compass, to 
reduce it to the true course ; and the converse. These are called 

1 . The Leeway. 

2. The Variation of the Compass. 

3. The Deviation of the Compass. 

I. LEEWAY. 

The angle included between the direction of the fore-and-aft line of 
a ship, and that in which she moves through the water, is called the 
leeway. When the ship is not going before the wind she will not only 
be forced forward in the direction of her head, but, in consequence of 
the wind pressing against her sideways, her actual course will be to 
I 
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leeward of the apparent course she is lying. The amount of leeway 
differs in different ships ; depending on their construction, on the sails 
set, the velocity forward, and other circumstances. Experience and 
observation are required to judge what amount of leeway to allow in 
each case. The correction for leeway is necessary to deduce the course 
made good from the course steered, and it is one of the corrections to 
be applied in reducing the compass course to the true course in the 
day's work ; the correction being allowed according to 

EULE XXVI. 

WTien the thvp i% on the port tack, allow the leeway to the right of the 
course steered ; hut when on the starboard tack, allow it to the left, the observer 
looking from the centre of the compass towards the point the ship is sailing 
upon. 

Examples. 



Ex. I . The course steered is N. W. by W. 
the wind N. by E., Leeway i\ points. 

The ship has the starboard tacks on 
board; therefore, the Leeway (ir points) 
allow^ to the left of N.W. by W,, gives 
corrected Course "W, by N, f N. 

Ex. 3. Course N.E, by N., the wind 
N.W. by N,, the leeway i point. 

The ship being on the port tack, i point 
to the right of N.E, by N, is N.E., the 
corrected Course, 



Ex, 2. Course by Compass S. by E., 
wind E, by S,, Leeway 2f points. 

The ship is on the port tack, then if 
points allowed to the right of S, by E,, is 
S. by W. f W., the Course corrected for 

Leeway, 

Ex. 4. Course steered W. by S., the 
wind N.W, by N,, leeway 35 points. 

The ship is on the starboard tack, 3J 
points to the left of W. by S. is S.W. J S„ 
the Compass Course made good. 



Correct the following Courses for Leeway : — 



COURSE STEERED. 

I. 

2. 

3' 

4- 

5- 
6. 

7. 
8. 

9- 

10. 



8.S.W. 

S.W, AW. 

N. by E. 

N,N.E. } E, 

N.W. 

E. 

E.8.E. 

W. 

N. 

S.S.E. 



WIND. 

S.E. 
W.N.W. 

E. by N. 

N.W, I N. 
N.N.E, 
N.N,E, 
S. 

s.s.w, 

E.N.E. 
E. 



LEEWAY. 
lA 



4 

2 



4 
i 

i 



COURSE STEERED. 
I. E. fN. 
W.S.W, 

N.W. f N. 
S.W. by W. 
S.byE.fE. 

N.W. by N, 
N.E. i E, 



2, 

3- 

4. 

5. 
6. 

7. 
8. 

9- 

20. 



S.E. fE, 
W.N.W. 

N.N.W, 



■WHO), LEEWAY. 

N, by E. if 

S. i| 

N.E. by E. i| 
S. by E. 2I 
E. I S. I J 

W. by S, 
N. by W, 
S. by W. 
N, 
W. 



(a) When the ship is hove-to, taJce the middle point between that to 
which she comes up and that to which she falls off /or the compass course, 
and correct this for leeway. 
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Examples. 



Ex. I. A ship lying-to under lier maiii- 
sail, with her starboard tacks aboard, 
comes up E. by 8., and falls off to N.E. by 
E., maMng 5 points leeway. What com- 
JMUBS course does she make good ? 

The middle point between E. by S. and 
N.E. by E. is E. by N., then 5 points to 
the left hand gives N.N,E., the compass 
course made good. 

Ex, 3. A ship lying-to comes up 8. by E. 
and fails off to 8.E. by E., the wind being 
S.W., making 5 points leeway : required 
the compass course. 

The middle point between 8. by E. and 
S.E. by E. is S.E. by 8., then 5 points to 
the Ujt hand (the ship having starboard 
tacks on board) is East, the compass course 
made good. 



Ex. 2. A ship lying-to under a close- 
reefed main-topsail, with her port (lar- 
board) tacks on board, comes up 8.8. W. 
and falls off to 8.W. by W., making 2J 
points leeway. What compass course 
does she make good ? 

The middle point between 8. S.W. and 
8.W. by W. is 8.W. k 8., then 2^ points 
to the right hand is W.S.W, 

Ex. 4. A ship Ijring-to with port tacks 
on board, comes up W. by 8. and falls off 
N.W. by W., mtUcing 5 points leeway. 
What course does she make good ? 

The middle point between W. by 8. and 
N.W. by W. is W. by N., then 5 points 
to the right hand is N.N.W., the course 
made good. 



2. THE VARIATION OF THE COMPASS. 

The needle points to the magnetic north, which in few parts of the 
world agrees with the true north, the difference between them is called 
the Variation of the Compass. It is said to he easterly when the north 
end of the needle is drawn to the eastward, and westerly when drawn 
to the westward of the true north : thus, when the north end of the 
needle points to that part of the horizon, which is true N.N.W. i W., 
the variation is said to be li points west ; but when it points to the 
N. by E. part of the horizon, the variation is said to be i point east. 
The variation is different in different places, and it is also subject to a 
slow change in the same place, and becomes alternately east and west. 
It also changes slightly at different times of the day. 

Variation is one of the ** corrections " in deducing the true course 
and bearing from, the course and bearing observed with the compass. 
It is given on the charts used in navigation. 

The method of correcting Courses for Variation wiU be readily un- 
derstood by means of an example. 

Suppose the variation of the compass is found to be two points east, that is, the 
needle is directed two points to the right of the north point of the heavens ; then the 
N.N.W. point of ttie compass card wHl evidently point to the true north, and eveiy 
other x)oint on the card will be shifted round two points. If, therefore, a ship is 
sailing by eotnpasa N.N.W., or, as it is usually expressed, her compass course is N.N.W. 
her true course will be north ; that is, two points to the right of the compass course. In 
a giTni1«.r manner it may be shown that when the variation is two points westerly, 
the true course will be two points to the left of the compass course. 
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To find the true course, the compass course being given. 

EULE xxvn. 

Allow easterly variation to the right of the compass course. 
,, westerly ,, left ,, 

looking from the centre of the card over the point to he corrected.* 

Examples. 



Taking tho courses between North and 
South round by East. 

Ex, I . Course steered N.E. by E., vari- 
ation I f points Hast, then the tnie course 
(allowing tho variation to tho riffkt) wiQ 
be E, by N, J N., or N. 6| points E. 

Ex. 3 Course by compass N.N.E., vari- 
ation 2\ points West, the true course 2~ 
points to fiieleft hand of N.N.E., or N. | 

Ex, 5. Compass course S.E,, variation 
I J points Eitst, then the true course (allow- 
ing the variation to tho right) will be 
8.S.E. I E., or S. 2% points E. 

Ex. 7. Compass course (as above) E. 
variation 2 points West, then allowing 2 
points to the loft gives true course E.N.E. 

Now proceeding to the courses between 
North and South round by West. 

Ex. 9, Course by compass N.W, | W. 
variation 2 points West, then the true 
course (allowing the variation to the left) 
wiU bo W. by N. j N„ or N. 6A points W, 

Ex. II. Again, compass course S.W. by 
S., variation 2,| points West, tho true course 
(allowing variation to tho left) will be 
S. JW. 



Ex, 2. Course steered the same, viz., 
N.E. by E., variation 2% points West^ then 
the trtte course (allowing the variation to 
the left) would be N.N.E. J E., or N. 2J 
points E, 



Ex. 4, Compass course S. by E., vari- 
ation 2\ East, 2t points allowed to right 
of S. by E. is S. by W. ^ "W., or S. 1 J W. 



Ex. 6. But compass course S.E., vari- 
ation 2J points West, then the true course 
(allowing the variation to the left) will be 
E. by S. A S,, or S, 6| points E. 

Ex. 8. Compass course E,, variation 
2J points East, then the true course (allow- 
ing tho variation to the right hand) is 
S.E. by E. A E. 

Ex. I o. Taking the same compass course, 
viz., N,"W. J W., when the variation is 
1 1 points East, the true course (allowing 
the variation to the right) will be N.W, by 
N., or N. 3 points W, 



Ex. 1 2. Compass course S.W. by S. (as 
before) variation if East, the true course 
(allowing the variation to the right) wiU 
be S.W. J W., or S. 4J points W. 



♦ The learner must be careful to remember when correcting his courses that he is 
to suppose himself lookitig from the centre of the card over the point to be corrected. When 
the learner places the compass card before him, mistakes very frequently occur in the 
application of tho variation between the east and west points round by south ; thus, 
— taking the compass with the north point placed before or from the observer — ^while 
an error could scarcely arise when correcting courses in the N.E. and N.W. quadrants, 
it would bo different with the S.E, and S.W. quadrants, unless he bore in mind, that 
in the latter instances the compass card should bo placed before him, as if he were 
facing the south. From what has been said it will be seen that in correcting courses, 
the signiiicance of Bight, on the face of the compass card, is as the hande of a watch 
move over the dial, and Left the contrary direction. 
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Ex. 13. Compass course S.S.W., vari- 
ation 3 J TFestf lien allowing 3^ W. to the 
left of S.S.W. gives S.by E. J E., or li 
points E. 

Ex. 15. But with same compass course 
and variation 3^ West^ then allowing 3^ 
points to the left of W., the tnte course is 
S,W. I W., or S. 4j points W. 



Ex, 14. Compass course W., variation 
2 J E., then the tnte course, (allowing 2 J 
points to the riffht) is N.W, by W, i W., 
or N. 55 points W, 

Ex. 16. Compass course N.N.W. J W. 
variation 3! points U^tst, thon 3^ points 
to the right of N.N.W. i W., is N, | E. 



The leaamer should so familiarize liimself with the compass card as 
to be able entirely to dispense with its use in correcting courses, and 
when he has acquired such knowledge, he will find the following rule 
serviceable, in which the points of the compass are treated numerically. 

EULE XXYin. 



1°. Put down the points and quarter points which the compass course 
%8 to the right or left 0/ North or South, marking them R. or L. accordinglt/. 

2°. Underneath put the variation, marking it also R. or L., according as 
it is E. or W. 

3°. If the names are alike, take the sum with that name for the true 
course. 

(a) TPTten the sum amounts to 8 points, it is either E. or W. 

(b) When the sum exceeds 8 points, take it from 16 points, tlie 
remainder is the true course to he reckoned from the opposite point to that 
which the compass course is reckoned from. 

That is, it is to be reckoned from the North if it had previously been reckoned 
from S., but marked S. if previously marked N, 

4°. J[f the names are unlike, take the difference and mark it the same 
name as the greater. 

(c) J^t?ie variation being subtractive, exceeds the amount from which it 
has to he subtracted^ take the points of the course from the variation, and 
name it the course towards West if it had previously been Easterly, but 
towards the East if it had been Westerly. 

(d) Also bear in mind that o points is either North or South as the 
ease may be. 

The following are examples of this method of applying the variation, 
and the numbers and letters in brackets refer to the rule as given 
above : — 
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I. Compaas Courses :--8.S.W, ; N. by E. J E. ; W.S.W. ; and E. by N. Varia- 
tion 3} points Easterly. Required the Ttvlq Courses. 

S.S.W. N. by E. J E. W.S.W. E. by N. 

2 R. ofS. ifR. ofN. 6 R. ofS. 7 R, ofN. 

3iR« [3-] rfR. [3T 3jR. [b] __JJR. |>] 

5 J R, of S. 5 — 9 J R. of S. — 10 J R. of N. 

— — 10 16 



S,W. by W. J W. N.E. by E. 



6AL. ofN. 5AL. ofS, 

W. by N. J N. S.E. by E. J E, 
2. Compass Courses: — N,N.W. ; S. by E. ; W. J N. ; and E. by 8. Variation 25 W. 

N.N,W. 8. byE. W. J N. E. by 8. 

2 L. of N. I L. of S. 7 J L. of N. 7 L. of 8. 

2jL. [3«] 2jL. [3°] jt|L. [b] ^L. [b] 

4j L. of N. 3} L. of 8. — joj L. of N. — 9J L. of 8. 

— — 16 16 

N.E. J E. 8.E. I 8. 



6 R. of8. 6J R. ofN. 

W.8.W. E. by N. J N. 

3. Compass Courses :— N.E. } E. ; 8.W. f W. ; N. by E. ; and 8. by W. 
Variation 2j points West. 

N.E. JE. 8.W. fW. N. byE. 8.byW. 

4J R. of N. 4! R- of 8. I R. of N. I R. of 8. 

2.1 L. [4°] 2I L. [4T 2I L. [c] 2I L. [c] 

2i R of N. 2i R. of 8. li L. of N. li L. of 8. 

N.N.E. i E. 8.8. W. J W. N. by W. I W. 8. by E. J E. 

4. Compass Courses :— N.W. by W. ; 8.E. by E, ; N. by W. J W. ; and 8. by E. 
Variation 35 points East. 

N,W. byW. 8.E.byE. N. by W. i W. 8. by E. 

5 L. ofN. 5 L. of8. i|L. ofN. i L. of 8. 

3j R. [4*] 3i R. [4'] 3i R. [c] 3j R. [c] 

I J L. of N. I J L. of 8. if R. of N. 2^ R. of 8. 

N. by W. J W. 8. by E. f E. N. by E. f E. 8.8. W. J W. 

5. N.N.E. , Variation 2 points W. ; 8. by E,, Variation i point E, ; W. by 8., 
Variation i point E. ; and E.S.E., Variation 2 points W. 

N.N.E., Va, 2 W. 8. by E., Var. i E. W. by 8., Var. i E. E.8.E., Var. 2 W. 

2 R. ofN. I L. of8. 7 R. of8. 6 L. of8. 

2 L. I R. I R. 2 L. 

o [d] o [d] 8 R. of 8. [a] 8 L. of 8, [a] 

N, 8. W. E. 
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6. N., Variation 2 pts. E. ; S., Variation 2 pts. W. ; and E., Variation 2 pta. E. 
N., Var. 2 E. S., Var. 2 W. W., Var. 2 W. E., Var. 2 E. 



= N. 


— 8. 


8 R. ofS. 


8 L. ofS. 


2 R. of N. 


2 L. ofS, 


2 L. 


2 E. 



2 R. ofN. [3'] 2 L. ofS. [3T 6 RofS. [4*] 6 L.ofS. [4'] 
N.N.E. S.S.E, W.S.W, E.S.E, 

If the learner has carefully gone through the preceding examples, 
he will have noticed that Emterly variation in its application to Compass 
Courses increases them in the N.JE, and 8. W. quarters of the compass ; 
and decreases them in the N, W, and ^S'.JE'. quarters : it is therefore addi- 
tive in the former, and suhtractive in the latter cases. Westerly variation 
decreases the courses in the 2T.JE, and 8, W. quadrants, and increases it 
in the N W. and 8.K ; and is therefore suhtractive in the former cases, 
and additive in the latter. 

We shall now proceed to illustrate the foregoing rule, which is very 
generally used in the correcting of courses. 

I. Compass Courses :—NJ^.E.; S.byW.|W,; W.N.W.; S.E.|E, Var. 3^ E. 



N. 2 E. 
+ 3JE. 


8. ij W. 
+ 3JE, 


N. 6 W. 
-3iE. 


8. 4| E. 
-3IE. 


N. sk E. 


8. 4j W. 


N. 2j W. 


8. iJ E. 


N.E. by E."i E. 


8.W. |W. 


N.N.W. f W. 


8.byE. JE. 


Compass Courses : 


:— E.N.E.; W.byS. 


; N.N,W.; 8. by E. 


Var. 3iE. 


N. 6 E. 
+ 3JE. 


8. 7 W. 
+ 3iE. 


N. 2 W. 
-3iE. 


8. I E. 
-3iE. 


N.9JE. 
16 

S. 65 E, 


8. iQi W. 
16 

N. si w. 


N. li E. 
N.byE."iE. 


8. 2A W. 
8.S.W.Tw. 


E. by S."l S. : 


N^,W,byW. 1 W. 






Compass Courses 


:— N,E, ; 8, W. J 8. ; 


N.W.JN.; 8.E.J 


8. Var. 2i W. 


N. 4 E. 
— 2i W. 


8. 35 W. 
— 2I W. 


N. 3f W. 
+ 4 W. 


S. 3f E. 

+ 2i w. 


N.Tf E. 


8. ij W. 


N. s\ W. 


8. 6 E. 


N. by E.1 E. 


S. by W, J W. 
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4. Compafis Conrses :- 
X. I E. 

N. iJW. 



y.byR; S.byW.iW.; W. J X. ; E.byS. Yar.iiW. 

S. li W. X. 7i W. S. 7 E. 

— 2iW. +2iW. +2iW. 



X. I W. 



16 



S. g\B, 
16 



S, 6i W. 



N. 6| E. 



5. CompassCourses:— X.y.W.2\r.; S.S.E.5E.; y.E.byE.iE.; S.W,byW.iW. 
N. 2\ W. 8. 2j E. N. si W. S. si W. 

~2|E. - ^ 



8. 2j E. 
— 2I E. 



KoitK 



o 
South. 



N. 


i 


W. 


+ 


E. 


N. 


8 


E. 


East 


• 



S, 8 W. 

West. 



Examples for Pbactice. 



Correct tlie following Compass Courses for Vajiation : — 



COMPASS CX>rB8E. TAB. 

1. N.N.E. 2 E. 

2. S.E. i S. ij E, 

3. S.W. i W. i| E. 

4. N.W.byW.JW. liE. 

5. N.E. I N. ij W. 

6. S.S.E. 2 W. 

7. S.W. i S. if W. 

8. NN.W.fW. 2|W. 

9. E. JN, 3 E. 

10. N.W. by N. 3} E. 

11. S.W. iS. 4 W. 

12. N. 5 E. 



C03CFAS8 COUBSE. 

13. N.N^. 

14. S. 

15. w. 

16. S.S.W.f W. 

17. s.sj:. 

18. E.^.E. 

19. E. I S. 

20. S. by W. 

21. N. JE. 

22. W. 

23. W, by S. 

24. W. by N. 



COMPASS COUBSE. 

25. X. by E, 

26. N. by W. 

27. S.byE.iE. 

28. E. by S. 
X.N.W. 
N. i E. 
W. 
E. 
N. 
S. 

S. 60^ E. 
N. 24° W. 



VAB.^ 
2iW. 
2|E. 

3iE. 



29. 

30- 

31- 
3^- 
33- 
34. 
35- 
36. 



24" 



W. 



24" W. 
24«W. 



24" 

24** 
18° 

36' 



W. 
W, 

w, 
w. 
w. 

°E. 



The learner may now proceed to correct the course steered for the 
combined effect of leeway and variation, and in doing so, when they 
are both to be applied in the same direction, take their sum and apply 
it in the same way ; but when these corrections are to be applied in 
opposite directions take their difference, and apply the remainder in the 
same direction as the greater correction is to be applied : the residt in 
either case is the tine course. 



I. 

2. 

3. 
4. 

6, 



COMPASS COUBBE. 

N.E, by E. 
S.E. by S. 

W.S.W. 

N.N.W. 
N.E, by N. 
S«S.E. ^ E* 



WINDS, 

S.E. by E. 
S.W, by fe. 
N.W. 

N.E. 

N.W. by N, 
E, iN. 



LEEWAY. 



•I 



VABIATION. 

liW, 



li 



I: 
I^ 
I; 

24 
2i 



W. 

w, 
w, 
w. 
w. 
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I. N.E. byE. 
5 R. of N. 

3R, ofN. 

or N, E. byN, 

4, N.N.W. 
2 LofN. 

2jL. 

liL, 

si L. of N. 
or N,W, by W. J W. 

COMPASS COUBSE, 

7. N. i E, 

8. S. by W. 

9. N.W. J W. 
10, W. by N. 

II. E. iS. 
12. E.IJ.E. 



2. S.E. by S. 
3 L. ofS, 

iJL. 

4f L. of S, 
or S.W. } W. 

N,E, by N. 
3R. ofN. 

I JR. ofN, 
orN.byE. J E. 

"WINDS. 

N.W. J W. 

W, by S. 
N.JE. 
S.W. by S. 
S, by E. } E. 
S.E. 



3. W,S,W, 

6R. ofS, 

ijL,; 3 1^- 

3 R. of S. 
or S.W. by S, 



6. 



S.S.E. i E. 
2jL. ofS. 



ifR.) ay 



3i L.of N. 
or S.E. i S. 



LEEWAY. VABIATION. 



2j 
I' 




7. N. J E. 

J R. of N. 

2}L.K ^* 

I J L. of N. 

or N, by W, J W. 



8. S. by W. 
I R. ofS. 

if L.of S. 
or S. by E. f E. 



N.W. i W. 

4I L. of N. 

1.1 L. 
2JL. 

8 L. ofN, 

or West. 



10. W, by N. 
7 L. ofN. 

9i L. of N. 
16 

6}R. ofS. 

or W. by S. i S. 



II. E. JS. 

7 J L. of S. 

2iL, 

13J L. of S. 
16 



2 JR. ofN. 
or N.N.E. i E. 



12. E.N.E. 
6 R.ofN. 

3|R.j**^ 

8 J R. of N. 
16 

7}L. ofS. 

or E. J S. 



13. 
14. 

15- 
16. 

18. 



COMPASS COUBSE. 

S.S.E. Ts E. 
W. by 8. 
S.E. I E. 

N. 

\oifS.W. byS. j 
/upN. JE. \ 
\ off N.W. by W.; 



WINDS. 

S.W. i s. 

N.W. V N. 
E. by N. J N. 
W.N.W. 

N.W. 
E.N,E. 



LEEWAY. 



VARIATION 
E. 




2j W, 
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13. S.S.E. JE. 14. W.byS. 15. S.E. J E. 

2 J L. of S. 7 H- of 8. 4j L- of S. 

3}^)^^ ltn.h^- alU^i^- 

o 8 B. ofS. 2 RofS. 

^uth. West. S.S.W. 

16. N. 17. fupS.W. JW. 18. rupN.JE. 

\ off S.W, By W. I off N.W. by W. 

o 4JR. ofS,* JR. ofN. 

7|R. 3 R. ofS. 5 L. ofN, 

3I R. -- — 

2)7 i 2)4 J 



lof R. ofN. 

16 Mid. pnt. 3f R. of S. 2J L. of N. 

6AL. ^ . 7 L. 



5 



51 L. of 8, iiJL. ofN. 

— 16 

S.E. by E. J K 



4j R. of 8, 

S.W, i W. 
Sometimes it may be desirable to express the Variatioii in degrees, 
in which case we proceed as follows : 

EULE XXIX. 

I®. Correct the compass course for leeway as hefore directed^ and convert 
the number of points thus found into degrees, marking them R. or L., accor- 
ding as they are right or left o/N. or S. 

2°. Underneath write the variation, marking it R. or L., (according as it 
w E. or W. Take the sum with the name of either, if the names are alike, 
and the difference, with the name of the greater, if the names are iinlike. 
The result will be the number of degrees the trvs course is from N. or 8., 
according as the course as corrected for leeway, is reckoned from tTie'N. or 8. 

(a) i/* in taking the sum the number of degrees exceed 90°, take the 

supplement to 1 80°, and reckon the true course from the opposite point to 

that from which the course corrected for leeway is reckoned; also change the 

letter R. or L. 

Examples. 

COMPASS COUBSB. WINDS, LEEWAY. VARIATION. TRUE COURSE. 

S.W. i S. W. by N, J N, f 23" W. 8. 8» W. 

N. by E. E. by N. 3 J ao* E. N. c- W,. 

W.JN. S.W. by S. I 25° W. 8. 85°W, 



♦ When hove-to, half the sum, when both on the same side of N. or S., is the 
middle point, but when on different sides of N. or S., half the difference. 
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3}R. ofS. 


I R. ofN. 
3JL. 


7 J L. of N. 
I R. 


2f R. 


2iL. 


6 J L. of N. 


or 31° R. ofS. 
23 L. 


or 25° L, of N. 
20 R. 


or 70° L. 
25 L. 


8R.ofS. 


1l. OfN. 


95 L. of N. 


S. 80 W. 


N. 5» W, 


180 

85 R. of S. 
S. 85' W. 



The following examples are intended as an exercise in the correcting 
of compass courses for leeway and variation : — 



I. 
2. 

3- 

4- 

5- 
6, 

7- 
8. 

9- 
10. 

II. 

12. 

13- 
14. 

15- 
16. 

17- 
18. 

19. 

20. 

21. 

22. 

23. 
24. 

25. 
26. 

27. 

28. 

29. I 

30- { 

31. 
32- 
33- 
34. 
35- 
36. 



C03IPAS8 COTJBSE. 

N.E. by E. I E, 

W. by S, J §. 

N.N.W. J W. 

E. by S. 1 S. 

N,N.E. 

N. by E, I E. 

S, by E. J E. 

S.S.W. I W. 

S.JE. 

W. by S. 

W.N.W. 

W. 

S.W. 

s. 

S.E. by S. 
E. ^ 
W.N.W. 

S.S.W. J w. 

N. 

N. by E, i E. 

N.W. 4 W. 

E. by S. J S. 

E.S.E. 

s.s.w. i w. 

N.f E, 
W. by S. 

S.W. A s. 

n.w.Vn. 

up N.E. by N. \ 
off N. by E. j 
up S. byE. \ 
off S. by W. / 

W. by N. 

S. by W. I W. 

S.S.E. 

S.S.E. 

S.W. 

N. by E. 



WINDS. 

N|W. 

N.W. by N. 

N,E. 

S. by E, 

E. 

N.W. I W. 

E. |S. 

W. i N. 

S.W* by W. i W, 

N.W, by N. 

NiE. 

N.N.W. 

W.N.W. 

W.S.W. 

E. by N. 

S.S.E. 

N. 

S.E. 4 S. 

W.N.W. 

N.W. A W. 

N.N.E. 

N,N.E. 

S. 

w. 

E. by N. i N. 
N.W. by N. 
W. by N. i N. 
W. by S. 

E, by S. 

E. by S. 

S.W. by S. 
S.E. J E. 
E. 

S.W. 
S.S.E. 
E. by N. 



LEEWAY. VJUaiATION. 



3 W. 

3 ^V. 

23^** W. 

23r w. 
231° w. 

23** w. 
23=* w. 
18° E, 
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When it is required to deduce a compass course from a true course 
the converse process to Bule XXVII is pursued. 

EULE XXX. 

To find the compass course, the true course and variation being given. 

Easterly variation allowed to the left. 
Westerly „ „ right. 

Examples. 



Ex. 2. Taking the same course, tIz.. 
N.E. by E., where the yariation is ij 
point east, then the eampasa course (al- 
lowing easterly variation to the leJY) will 
be NJl. J N. 

4. But the same course, viz., S.E. by S., 
where the variation is 2f points easterly, 
will give the compass course Tallowing 
easterly variation to the left^ S.E, by E. J B 

6, Suppose the course to be the same, 
viz., N.W. by W., where the variation is 
2) points easterly f the compass course 
(allowing easterly variation to the Urffj 
will be W. by N. 



Taking the courses between North and 
South round by East. 

Ex. I . Let the true course be N.E. by E., 
where the variation is i| point west, the 
compass bourse (allowing westerly varia- 
tion to the righf) will be E.N.E. J E. 

Ex. 3. Suppose the true course to be 
S.E. by E., where the variation is 2 J points 
f(w^,the compass course (allowing westeriy 
variation to the right) will be S.S.B. } E. 

Taking the courses between North and 
South, round by West. 

5. Let the true course be N.W. by W., 
where the variation is 2^ points west, then 
the compass course (allowing westerly 
variation to the right) will be N.N. W. J w . 

7. With the true course West, and the 
variation 2 points west, then the compass 
course (allowing 2 points to the right) will 
be W.N.W. 

9. With the true course S.W. | S., 
where the variation is 2! points west, then 
the compass course (allowing westerly vari- 
ation to the right) will be S.W. by W. J W. 

Or, treating the points of the compass numerically, we may proceed 
according to Bule XXVJLLL, page 61, in every particular except that the 
variation is to he allowed the opposite way to that of correcting compass 
courses, viz., westerly variation is to be allowed to the ri^ht and marked 
B., and easterly variation is to be allowed to the left and marked L. 

I. TrueCourses:— N.N.E.; S.byW.JW.; E.byN.JN.; W.byS. Var.2jW. 



8. Taking the same course West, sup- 
pose the variation to be 2 points east, then 
the compass course (allowing 2 points to 
the left) is W.S.W. 

10. But with the same course, viz., 
S.W. § S., where the variation is i J point 
east, the compass course (allowing easterly 
variation to the left) will be S.S.W, 



N.N.E. 
2 R. ofN. 
2 JR. 


S. by W. i W. 
i| R. of S, 

2}R. 


E. by N. i N. 
6i R. of N. 

2|R. 


W. by S. 
7 R. ofS, 
3JR. 


^R. OfN. 

N.E. J N. 


4 R. ofS. 
S.W. 


9 R. ofN, 
16 

7 L. ofS. 


9|R. ofS. 
16 

6|L.ofN. 


« 




E. by S. 


W.byN. JN. 
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2. True Courses :— N.E. by E. i E. ; S.W. by W. ; E, by 8. } S. ; N.W. by W. 
Variation 3J E. 

N.E. by E. J E. S.W. by W. E. by S. } S. N.W. by W. 

5| R. of N. 5 R. of S. 61 L, of S. 5 L. of N. 

35 1^- 3iL- sfL- 35 L. 

2 R. ofN. iJR. ofS. 10 L. ofS. 8iL. ofN. 

— — 16 16 



N,N.E. S. by W. J W. 



6 R. ofN. 7}R, ofS. 

• 

E.N.E, W. by S. J 8. 

3. True Courses :— N. by W. | W. and 8. by E. ; Variation 3^ W. 8, by W. and 
N. by E. ; Variation 3f E. 

N. byW, JW. S. byE. 8. byW, N. by E. 

liL. ofN, I L. of8, I R. of8. i R. of N. 

3|R. 3iR. 3fL. 3}L, 

ifR. ofN. 2jR. ofS. 2f 2fL. ofN. 

N. by E. 5 E 8.S.W . a W. S.S.E. f E. N.N.W. J W. 

3. LOCAL DEVLiTION. 

The deviation of the needle from the magnetic meridian is called 
local deviation.* This correction of the c(Jmpass is due to the influence 
of the iron on board ship on the magnetic needle, in deflecting it to the 
right or left of the magnetic meridian. The large quantity of iron now 
used in the construction and equipment of steamers, iron sailing vessels, 
and sometimes of wooden sailing vessels, produces a deviation from the 
magnetic north, which interferes seriously with the navigation of such 
vessels ; and it is highly important that the officers of the Mercantile 
Marine should have a thorough acquaintance with the subject of local 
attracttofiy and with the correct method of applying to the different 
points of the compass, the "deviation," which is the effect of that 
attraction. The amoimt of the deviation arising from this local cause 
varies as the mass of iron changes its position with respect to the com- 
pass. If the iron were uniformly distributed in the ship, its effect in 
deflecting the needle would be inappreciable when the course is on the 
magnetic meridian, and greatest when the compass course is east or west ; 
and in practice the deviation might be taken as equal to the greatest 
deviation multiplied by the sine of the compass course. But in general 

* Deviation bears the same relation to variation that the latter does to the true 
place of the North point. 
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there is nothing like a uniform distribution of the masses of iron on 
board ship, and the deviation produced by local attraction is generally 
foimd experimentally, thus : — ^Place a compass (agreeing accurately with 
the binnacle compass when neither is acted on by local attraction) on 
the shore where it may be beyond the influence of the iron of the ship 
or any other local disturbing force, and take, simultaneously (known 
by signal), the bearing from each other of the compass on shore and the 
compass in the binnacle, as the ship's head is warped round to each 
point in succession of the compass on board, and the difference between 
the bearing of the compass on shore from the ship, and the opposite 
bearing to that observed on shore towards the ship's compass is the 
local deviation. 

The deviation thus foimd is easterly when the reading by the shore 
compass is to the right of the compass on board ; westerly when the 
reading by the shore compass is to the left of the reading by the com- 
pass on board.* 

The directions of the ship's head having been taken by the compass 
in the ship, are therefore affected by the local attraction, and the "ap- 
parent compass hearing of the ship's head differs fr»om the true magnetic 
bearing by the amount of the local deviation due to the position of the 
ship. For instance, when the ship is apparently lying with her head 
east, it is not the true magnetic east, but supposing the local deviation 
to be one point easterly, the east point of the compass card will be 
drawn to E. by S., and the true magnetic direction of the ship's head 
wiU be E. by S. 

The observations and tabulated results are incomplete imtil the true 
magnetic bearing of the ship's head at each observation is found. 

The deviations may also be obtained from observations of a distant 
terrestrial object. The object selected for this purpose should be at such 



♦ There is no error more frequently made than that of naming easterly deviation 
westerly, or westerly easterly. This arises chiefly from the explanation of E. and W. 
deviation given in books on navigation. Being informed that the deviation is westerly, 
if the nortii end of the needle is drawn to the west, and if drawn to the east, easterly ; 
if the bearing by compass on board is too much easterly, the seaman frequently 
imagines that the north end of the needle is drawn to the east, whereas the contrary 
is the fact. The needle is drawn to the west, and by that means the east point on 
the compass card is drawn towards the direction of the body whose bearing is ob- 
served, which makes it appear by compass eastward. If the correct magnetic bearing 
be to the right of the bearing, by the compass on board, the deviation is easterly, u 
to the left, westerly. 



OORBEOTINa OOUBSES. 7 1 

a distance that tlie space througli whicli the ship revolves shall make 
no sensible difference in its bearing. The ship is gradually swung 
round with her head successively upon each of the 32 points of the 
compass and the bearing of the object taken. The true magnetic bearing 
of the object taken £rom the ship is next determined, which is effected 
by taking the compass to some place on shore from whence the part of 
the ship where the compass stood and the object of which the bearings 
had been observed shall be in one with the observer's eye, or else in 
the exactly opposite^ direction. The bearing of the object from that 
spot will evidently be the true magnetic bearing from the ship by the 
compass. The difference between the true magnetic bearing of the 
object, and the successive bearings which were observed with the compass 
on board, when the ship's head was on the several points, will show the 
error at each of those points which was caused by the ship's iron. 

Example. 

When the ship's head lies N.N.E., let the binnacle compass bearing of the shore 
objact or compass be N. 19** 30' E., and the bearing of the binnacle compass from- the 
shore compass be S. 27" of W. : required the deviation. 

The opposite point to S, 27® o' W. is N. 27* o' E., which is 7® 30' to the right of 
N. 19® 30' E. Hence the deviation is 7° 30' E. 

If during the operation of swinging, a haze obscures the shore com- 
pass, while the sun at the time is shining brightly, a number of points 
may be secured by time-azimuths, which otherwise might be lost. Time- 
azimuths are also advantageous where the second of the above methods 
cannot be used for want of an assistant observer for the shore compass ; 
and when the first of the above methods are not available owing to the 
length of the ship {e.g. the Great Eastern) and the scope of the moorings, 
combined with the most distant objects in sight, not being sufficiently 
far off to render the difference of their bearings insensible as the ship 
swings round to the tide. In such cases Godfray*s Ammuth Diagram will 
be found usefrd. 

The following are the leading principles which have been developed in the conrse of repeated 
inyestigationB of the magnetism of iron with reference to the compass-action and its changes m iron 
ships, via. : — 

1. That the magnetism of iron ships, in its action on the compass, mar be represented by a vertical 
aad horizontal iron or magnetic bar swin^in^ round the compass. 2. That changes take place in the 
magnetic distribution and compass-action in iron ships. 3. That the changes taJke place in a ship's 
ma^etism by changes of magnetic latitude. 4. That there are influences in a ship derived from the 
vaneties of form and position (relatively to the compass) of particular masses of iron, which may act 



72 OOEEECTING COURSES. 

OS natural correctives. 5. That the nlan of correcting the deviation of iron ships, either by a plate of 
soft iron, as proposed long ago by Mr. Barlow, or by a magnet or two magnets, as proposed by the 
present Astix)nomer-Royal (unless for limited voyages, as in the case of vessels plying between ports in 
the United Kingdom, or oven in Europe, or plying between England and the United States), is imsafe, 
and in going to southern latitudes aggravates the error. 6. lliat the twisting and straininjg of the 
iron materials of a ship will tend^ especially in ships recently latmchcd, to alter the magnetic action 
on the compass. 7. That it requires time to effect the changes in a ^ps magnetic distribution, which 
ultimately may, in regions distant from the place of buil4ing, be effected. 

Under the following circumstances great changes may be expected : — 

1. In new ships first encountering heav^ straining or rolling by sea. 2. In ships generally, if 
following a new voyage. 3. In ships running long on one course, and then changmg the course. 
4. Heavy weather first occurring. 

No changes of importance may be expected under the following circumstances : — 

1. In iron vessels long in use, and ordinarily pursuing the same voyage, because extreme' deviation 

Sets shaken down, as it were, in a medium or average state. 2. Great, changes do not take place in 
le retentive magnetism, which is by flEtr the greatest portion in latitudes not ftirther south tnan the 
Mediterranean, because — 3. In ships trading in the Channels (British, St. George's, Sec), or east and 
west to America, the liability to now and unexpected changes greatly diminishes. 

Dr. Scoresby's suggestions for diminishing the dangers arising from the deviation of the compass 
are: — 

1. A standard azimuth compass, to be placed on a high pedestal, where (on the Admiralty plan) a 
I>o8ition of small deviation may be found. 2. A compass fixed at the mast-head (fitting the mast-head 
with brass work instead of iron work) for reference will, he believes, be best of all. This method, 
however, has not been sufficiently tried to be recommended for general adoption. 8. The wheel- 
compass required for ships engagcd'tn the home trade, or traversing mainly parallels of latitude not 
southward of the Mediterranean, if adjusted with magnets and pieces of iron, may not then be unsafe, 
where reference may always be had to the standard for verification. 4. No standard compass in great 
distances. 5. Care to be taken, in the selection of compasses, that they have ample directive ^rce. 
6. Captains must, at every opportunity, take observations for the verification of their compass, by 
azimuth, stars, position of the land, &c. 7. Captains should have special knowledge for the charge 
of iron ^ps, because in this case, in addition to the ordinary dangers of navigation, there is a now 
source of error and misguidance, with respect to which it is most important they snould neter be 
thrown off their guard. 

The plan adopted by the Koyal Navy (which is preferable) of determining the amount of deviation, 
is by placing the ship'^s head on a number of compass points as nearly equidistant as possible, and the 
deviation on each pomt is observed, either by comparison with a compass, or by the bearing of a distuit 
terrestrial object or of a heavenly body. The method of doing so by comparison with a compass is 
described above. 

When the deviations have been observed on a few x>oints only, it is requisite to compute the deviation 
on the intermediate points ; and when from deviations on a large numoer of points, to compute the 
most probable value of the deviation on each point. The solution of these two problems may be effected 
mathematically by computing the co-effldcnts, ABODE, from the observation by the meuiod of least 
squares ; and when the observatons are made on equidistant points the calculations are very simple. 
For the method of doing this see Supplement to the Practical RtUet for ascertaining or applying the 
Deviation of the Compose caused by the Iron in a Ship. 

For ftirther information on this important subject the reader is referred to "The Practice of 
Navigation," by Lieut. Baper, B.N., pp. 69-80 : " Practical Illustrations of the Necessity for Ascer- 
taining the Deviation of the Compass,*' by the late Oapt. E. Johnson, B.N., F.K.S. ; " The Magnetism 
of Iron Ships and the Mariner's Compass," by Commander Walker; "Admiralhr Manual for 
ascertaining and applying the Deviation of tiie Compass,'' ^7 ^' ^' Evans^ Master, B.N., F.R.S., and 
Ar(^bald Smith, M,A., F.E.S. : also the " Practical Rules," by A. Smith, Esq., published by the 
Admiralty. containin|a[ a description of another method, called the Graphic Method, which is the most 
convenient one in ordinary cases, and proposed in different shapes by Mr. J. N. Napier, of Glasgow, 
and Capt. Ryder, R.N. The two methods are the same in principle. That of Mr. Napier will perhaps 
be found more convenient in construction by the expert ; Oapt. Ryder's simpler in use by the inexpert. 

When the deviation is corrected, either by a table or by the Graphic Method, it must be remembered 
that the same table or the same curve can only be used m the same magnetic latitude, and as long as 
there is no matmal change in arrangement or condition of the iron of the ship. Whenever any 
considerable change in the magnetic latitude of the ship takes place, a fresh table should be formed, 
and afresh curve constructed, from fresh observations. 

The following is a Table of Deviations to which reference will be 
made hereafter. The Table is copied from the sheets issued by the 
Naval Department of the Board of Trade, for the use of candidates 
under examination : — 
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TABLE OF DEVIATIONS. 



ship's head. 


DEVIATION. 


ship's head. 


deviation. 


North . . . . 




O 


22 W. 


South . , . . 







1(5 E. 


N.byE. . . . 


I 


46 E. 


S. by W. . . . 


I 


50 w. 


N.N.E 


^ 


20 E. 


s.s.w 


3 


16 w. 


N.E.byN. . . 


5 


14 E. 


S.W. byS. . . 


4 


48 W. 


N.E 


7 


14 E. 


s.w 


6 


16 w. 


N.E. byE. . . 


8 


54 E. 


S,W. byW. . . 
W.S.W.. , . . 


7 


40 w. 


E.N.E . . . . 


lO 


44 E. 


9 


18 w. 


E.byN. . . . 


II 


40 E. 


W.byS. . . , 


10 


34 W. 


East . . . . . 


lO 


44 E. 


West . . , . 


II 


50 w. 


E. byS. . . . 


9 


54 E. 


W.byN. . . . 


II 


10 w. 


E.S.E. . . . . 


9 


8 E. 


W.N.W. . . . 


10 


16 w. 


S.E. by E. . . . 


7 


20 E. 


N,W. byW. . . 


9 


18 w. 


S.E. • . • • . 


6 


18 E. 


N,W 


7 


52 w. 


S.E.byS, . . . 


5 


E, 


N. W.byN. . . 


6 


18 w. 


StS.E. . . . . 


3 


24 E. 


N.N.W. . . . 


5 


2 W, 


S. byE. . . . 


I 


42 E, 


N.byW. . . . 


3 


10 w. 



EULE XXXI. 

To Jmd the correct magnetic course, having given tlie compass course 

and deviation. 

Easterly deviation allow to the right. 
Westerly ,, ,, left. 

Correct the following compass courses for deviation: — 



I. E.S.E. = 6 points L. of S. 

6 points L. of S. =: 67' 30' L. of 8. 
Deviation (Table) 9 8 R. 

Cor. moff. course 58 22 L. of S. 



Or S. 58 22 E. 

3, S.W. =: 4 points R. of S. 

4 points R. of S. = 45° o' R. of S. 
Deviation (Table) 6 16 L. 

CJor. moff. cottrse 38 44 R. of S. 

Or S. 38 44 W. 

W. I S. = 7i pts. R. of S. = 8i*» 34' R. of S. 

Deviation = 10 53 L. 

S. 70 ii W. 



2, N.N.W. =: 2 points L. of N. 

2 points L. of N. := 22° 30' L. of N. 
Deviation (Table) 5 2 L. 

Cor. moff. course 27 32 L. of N. 

Or N. 27 32 W. 

4. W. = 8 points R. of S. 

8 points R. of S. = 90° o' R. of S. 
Deviation (Table) 11 50 L, 

Cor. maff. course 78 10 R. of S. 



OrS. 78 10 W. 

W. by S. = 10' 34' W, 

= II 50 W. 



West 



4)1 16 



Dev, for J pt, = o 19 
Dev. W. by S. =10 34 W. 



Dev. forW. } S, = 10 53 W, 
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6. N.W.byW.}W.=:5jL.ofN. = 6i°4i'L.ofN, N.W, by W. 

Deviation = lo i L. W.N W, 



9'*i8'W. 
lo i6 W. 



N. 71 42 W, 



Dov. for I pt. = 



58 
3 



Changes of dev. fori- pt. 
Dev. for N.W. by W. 



4)174 

= o 43 
= 9 18 W. 



Dev. for N. W.by W,}W. = 10 i W. 



7, N,JE. = Jpt. R, of N. == i** 49 R. of N. 
Deviation = 10 R. 



Deviation at N. 
N. by E. 



0° 22' W, 
I 46 E. 



Corroci mafffietic course "N, 2 59 E. 



Change on i pt. 4)2 8 



Change on J pt. 
Deviation at N, 



o 32 E. 
o 22 "W. 



Dev. on J pt, =0 10 E. 



8. N.JW. = Jpt.L.ofN.=:5°38'L. ofN. 

Deviation ;= i 46 L. 



Deviation at N. 
N. byW. 



0''22'W. 

3 10 "W. 



Correct inagnetic course N. 7 24 W, 



Change on i pt. 2)2 48 



Change on J pt. 
Deviation at N. 



= I 24 W. 
= o 22 W. 



Dev. on J pt. =1 46 "W. 

Examples for Practice. 

Correct the following courses steered as given in the Table, page 73. 

8 



1. N.E. byN. 

2. North 

3. N. by W. J W. 

4. B.W. JW. 

5. W. JN. 

6. S.S.W. JW. 

7. N.N.E. Je. 



9 
10 

II 

12 

13 



S,E. by E. 

N. by E. i E. 
South 
W. JN. 
S.E. J S. 

E.|N. 
N.W. i W. 



15. S.W. by S. 

16. S. |E, 

17. W. J s. 

18. N.N.E. |E. 

19. N. JE. 

20. W. by N. 

21. S. by E. 



22. "West 

23. N.W J W. 

24. fe. iW. 

25- W.byS.fS. 

26. E. I S. 

27. East 

28. W.N.W. 



THE TEAVEESE TABLE. 



In all collections of tables for the use of navigators there is inserted 
a table containing the true difference of latitude and departure, corres- 
ponding to certain distances (at intervals of one mile) up to 300 nautical 
miles, for every course, at intervals of a quarter point, and also of 
degrees, from o to a right angle (90°). Tables I and II (Eaper or 
Norie). 
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In these Tables the course is found at the top of the table, when under 
four points or 4.5° ; but at the bottom of the table, when it exceeds 
four points or 45°. The first column contains fche distance to 60 miles, 
the second column contains the difference of latitude, expressed in 
minutes and tenths, and the third column, similarly expressed, contains 
the departure ; but if the course exceeds four points or 45°, the second 
column contains the departure, and the third column the difference of 
latitude. The other columns are a continuation of the former, exactly 
upon the same principle, and extending to 300 miles of distance.* 
(See Tables I and 11, Norie and Eaper.) 

USE OF THE TABLE. 

Given the course and distance, to find the difference of latitude and 

departure. 

Examples. 

Ex. I. A ship sails N.W. | N, a distance of 78 miles : required the difference of 
latitude and departure by inspection. 

The given course is 3 J points ; and referring to Table I, wo find the page devoted 
to this course to be page 14, Norie, or page 436, Rapor's Navigation, in wliich against 
78, in column headed Bist.y stands 60*3 under the head Lat.^ and 49*5 under the head 
Dtp. "We conclude therefore that, for the given course and distance, the difibrcnoe of 
latitude is 60-3 miles, and the departure 49*5 miles. 

Ex. 2. Suppose the course to be 5 J points, and the distance 98 miles. 

Then, since the course here exceeds four points, wo look for it at the foot of tho 
page, (page 10, Norie, or 432, Raper) and against 98 in tho distance column we find 
86*4 in the adjacent departure column, and 46*2 in the difference of latitude column, so 
that the difierence of latitude made is 46*2, and the departure 86 ■4. 

Ex. 3. Course N.E. by N., distance 129 miles : find difil lat. and dep. 

Enter Table I, and find 3 J points at the top, and in one of the columns marked 
Bist^ find the distance 129, then in the columns opposite to this, marked lat. and dep., 
stands the difference of latitude 107*3, ^.nd departure 71 '7. 

♦ This table is constructed by solving a right-angled triangle, of which one angle 
represents the course, and tho hj'pothenuso the distance ; by giving these difibrent 
and successive values, the corresponding values of the other two sides are found, 
which sides represent the true difierence of latitude and departure. It is evident 
that the difference of latitude and departure for any course, are the departure and 
difference of latitude for the complement of tliat course, and hence tho table is com- 
pactly arranged by interchanging the headings of the columns containing these 
elements at the top and at the bottom of tho page, and using the top reading for 
courses firom o' to 45°, and the bottom reading for courses from 45° to 90°. This 
table may be used for a vast number of problems, depending for their solution on the 
relation of tho several parts of a right-angled triangle, and, since aU the relations 
between any two quantities may be expressed as functions of some angle, in terms of 
of the sine, cosine, or tangent, it may be used, in fact, as a general proportional table. 
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Ex, 4. Course E. by N, J N,, distance 264 miles : find diff. of lat, and dep. 
Open Table I at 6} points, found at the bottom, and opposite the distance 264 
stands departure 252*6, and difference of latitude 76*6. 

Ex. 5. A ship sails N. 40° E., 50 miles : required the diff. of lat. and departure. 

The course being less than 45**, is found at the top, and the distance being under 
60 miles, is found in the left hand column ; therefore on the page (56 Norie) is 40° at 
the top, and opposite to 50 in the distance column, marked Bist., is 38*3 under Lat., 
and 32*1 under Dep., the difference of latitude and departure required. 

Ex. 6. A ship sails N. 64° W,, 175 miles : required the diff. of lat. and departure. 
The course being more than 45°, is found at the bottom, in page 42, and opposite 
to the distance 175, is 767 over Lat., and 137*3 over Bep., which was required. 

(«.) TFhen there are tenths in the distance, in order to find diff. lat. and dep. in such 
case, take the distance as an entire number of miles, i.e., as a whole number, and find 
the corresponding diff. lat. and dep., from each of which cut off the right hand figure, 
or tenths, and remove the decimal point one place to the left hand, which will give 
the required diff. lat. and dep. in miles, and tenths of a mile. The tenths, however, 
must be increased by i, if the figure cut off is 5, or upwards. 

Ex. I. Course 3^ points, distance 20*3; required the diff. lat, and dep, corres- 
ponding thereto. t 

"With course 3 J points, and distance 20*3, taken as 203, we get the diff. of lat. 156*9, 
dep. 128*8 ; now cut off the right hand figure of each (the 9 and 8), and shifting the 
decimal point one place to the left, we have diff. lat, 15*7, and dep. 12*9. It will be 
observed that the tenths are increased by i, in each case, as the figures cut off in one 
case exceeds 5, and in the other amounts to 5. 

Ex. 2. Eequired the diff. lat. and dep, corresponding to course 4I points, and 
dist, 24*3 miles. 

With course 4I points, and dist. 24*3 (as 243 miles), we find diff. lat. 154*2, and 
dep, 187*8 ; hence we obtain, after dropping the tenths, and removing the decimal 
point in each one place to the left, 15*4, and 18*8, for the required quantities. The 
tenths in the dep., it will be observed, are increased by i, since the figure dropped 
exceeds 5, 

Ex. 3, N. 3 pts. W,, and dist. 20*6 miles, give diff. lat. 17*1 N., and dep. 11*4 W. 

Ex. 4. N. 65® E,, and dist. 21*5 (as 215), give diff. lat. 90*9, and dep. 194*9, which 
is diff. lat. 9*1 N., and 19*5 E. It will be observed that the tenths are increased by i, in 
each case, as the figure dropped exceeds 5. 

{b,) If the distance exceeds the limits of the Traverse Table, take the half, the 
third, &c., so as to bring it within the limits, taking care to multiply the corresponding 
quantities by 2, 3, &c. 
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Ex. 5, Let the course be 3 J points, and distance 435 : roquirod the corresponding 
diff. lat. and dep. 
435 divided by 3 gives 145. 

Course 3^ points, and dist. 145 give diCT. lat. 1 16*5 and dep. 86*4 

X 3 X 3 

Diff. lat. 349'5 Dep. 259*2 
If the distance had been 43*5, the diff. lat. would have been 35*0, and the dep. 25*9. 
(e.) But when the distance is between 300 and 600, we may take out diff. of lat. 

and dep. for 300, and for the excess of 300, take the sum of the quantities thus found, 

cut off the last figure and remove the decimal point as before. 
Ex, 6. Course si points, and distance 526 : required the corresponding diff. of lat, 

and departure. 

Course 5f points, and dist. 300 give diff. lat. 128-3, and dep. 271 '2 

226 96'6 204*3 

526 224-9 475*5 

If the distance were 52-6, we should proceed as above, and then cutting off the 
last figure of each, and removing the decimal point one place to the loft, the diff. 
of lat. is 22*5, and dep. 47*6. The tenths are increased by i, in each case, as the 
fig^e cut off in one exceeds 5, and in the other amounts to 5. 

Given the diflference of latitude and departure, to find the course 
and distance. 

If the diflference of latitude be greater tban the departure, the course 
will be found at the top ; but if the departure be the greater, the 
course will be found at the bottom of the tables.* 

Examples. 

Ex. I. A ship having sailed between the N, and E., until her difference of latitude 
is 199 miles, and her departure i44'6 ; required her course and distance. 

In page 52 Norie, or page 474 Raper, these quantities will be found to correspond 
with 246 in the distance column, and with the angle 36° fouud at the top of the table ; 
the course is, therefore, N. 36* E,, and distance 246 nules, 

Ex. 2. A ship having sailed between the S. and W., until her difference of latitude 
is 40 miles, and her departure 139*4 miles : required the course and distance. 

In page 32 Norie, or page 454 Raper, the course answering to latitude 40 miles, and 
departure i39'4 miles, corresponds with the angle 74", at the bottom of the table, and 
opposite the distance 145 miles, in the bottom of the table ; the course is, therefore, 
B. 74** W,, and distance 145 nules, which was required. 

♦ Always seek for the larger of the two given numbers in the column next the 
distance, viz., the column marked " lat." at the top of the page, until the smaller 
quantity be found opposite in the column marked dep. at the top ; being careful to 
remember that when the dep. is more than the diff. of lat., the course will be at the 
bottom of the page. 
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Tbayebse Saiunq is the case in plane sailing when the ship makes 
several courses in succession, the track being zigzag, and the direction 
of its several parts ** traversing,*' or lying more or less athwart of each 
other. For all these actual courses and distances nm on each, a single 
equivalent imaginary course and distance may be found, which the ship 
would have described had she sailed direct for the place of destination. 
Finding this course is called ** "Working a Traverse." 

RULE xxxn. 

1°. Draw out a form similar to that given in the example following, 
2°. In the column headed Courses, enter each course in succession ; and in 

column Dist., enter the distance run on each course. 

3^. Take out of the Traverse Tables (Table I or II, Eaper or None,) 

the difference of latitude and departure to each course and distance, and enter 

the latitude in column N. or S., and the departure in column E. or W., 

according to the name of the course. 

Thus, if the course is 8.E, by S. the difference of latitude must be entered in the 
column 8-, and the departure in the column E. ; if the course is W. J N. the difference 
of latitude must be entered in the column N., and the departure in the column W. ; 
when the course is exactly North or South, there is no departure, and the whole 
distance is entered as difference of latitude in the corrcj^n(£ng column N. or 8., as 
the case may be : so when the course is doe East or West, there is no difference of 
latitude, and the whole distance run is entered as departure in the E. or W. column. 

It may be advisable for a beginner, before ho proceeds to take out the quantities 
from the Traverse Tables, to write a dash in aU places not to bo occupied by a difference 
of latitude or departure, in order to avoid writing a quantity in the wrong column. 
Such helps, however, are useless to an expert computer. 

Ex. I. A ship from the Dudgeon light, in Lit. 53° 19' N., sails S.S.E. J E., 8 miles; 
E.N.E., 23 miles; N.W. by W. h W., 36 miles ; E | N., 48 miles ; and N.W. | W., 46 
miles : required the latitude arrived at, aLso the course and distance made good. 



Courses. 


Dlst. 


DiFF. Lat. 


Departure. 


N. 


8. 


E. 


W. 


8.8.E. -IE. =8. 2}E* 
E.N.E. — N.6 E. 
N.W\ by TV. 4 W. — N. si W. 
E. J N. — N. 7] E. 
N.W. iW. — N.4JW. 


8 

23 

36 
48 
46 




7-2 


3 4 
213 




8-8 
17-0 

7-0 
292 






318 




47*5 




356 






• The courses are given in this 
double form raertly asau ill'.;«jti-a- 
tion of the method of using them. 




62-0 

7'2 


7-2 


. 72*2 
674 


674 


54-8 


4-8 



o 
"A. 









o 

•—4 

o 

a 

o 

a 



o 






TRAVERSE SAILING. 
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Explanation. — The courses and distances are entered in their proper columns, in the 
same order as they stand in the question : then in Traverse Table I, Norie or Raper, 
turn to the page with 2 J points — which is found at the top, the course being less than 
4 points — ^run the finger down the Dist. column till you come to 8, by the side of 
which stands 7*2 in Diff, lat. column, and 3*4 in Dop. column. Difif. lat. 7*2 is entered 
in the S, column, and Dep, 3*4 in the E. column, because the course is 8, and E. (South 
and East). Next turn to the page of the Traverse Table with 6 points — found at the 
bottom, because more than 4 points — look for the distance 23, from the side of which 
take out Dep, 21-2, and Diff. lat. 8*8, which are entered under N. and E., because the 
course is N. and E. Proceed in a similar manner with the remaining courses. 

The sum of the respective columns, N., S., E., and "W., is next found, and the 
difference between the Northing, viz., 62-0, and the South, viz., 7*2, is taken, which 
leaves 54*8 N., which is the Diff. lat. made: the difference between the Easting 72*1, 
and West 67*3, leaves 4*8 E., departure. 

We proceed in tlie next place to find the course and distance made 
good, thus : — 
mTrav^e Table n.{fiff-i^^/4«N.j ^^, { g?-°/^f,f ) made good. 

This is an illustration of the remark (see page 77) that when the diff. lat, is 

more than the dep., the course is less than 4 points, or 45", and it is named from tho 

N. towards the E., since the diff. lat. is N. and the dep. E. 

Lat, left (or sailed from) Dudgeon light 53° 19' N. \ ^ . . . /. , ^^ 

Diff lat. 54-8 •. . ...... . . = 55 N. ^}f>- ?^ i? ^?'^J^%' 



^ "' • \ cording to Rule XXII, 

54i4N.)P^S^53. 



Lat. in (or arrived at) 

Ex. 2. A ship from Cape Espicheli, in lat, 38° 25' N., sails as follows : — S. W. by "W., 
28 miles; W,.by N., 55 miles : West, 47 miles ; 8.E. | S., 25 miles ; South, 10 imUesj 
W. J S., 72 miles : required the latitude in, also the course and distance made good. 



CoTITlfiES. 


D18T. 


DiJ?'F. Lat. 


Departure. 


N. 


S. 


E. 


W. 


S. 5W 

N. 7W 

W.* 

S. 3iE 

S.* 

S. 7i W. . . 


28 

55 
47 
25 

lOI 

72 


io'7 


15-6 

20' I 

lOI-O 

10*6 


14-9 


233 

53*9 

47-0 

71*2 


♦ See Rule Note, page 78. 




107 


147-3 
107 


149 


i95'4 
14-9 


136*6 


180-5 



"We seek in the Traverse Table till the diff. of lat. 136*6, and dep. 180*5, are found 
opposite, each in their respective columns ; the nearest to these are 180*5 and 136*0, 
which gives the course (at the bottom of page, dep. being the most) S, 53® W., and 
distance 22*6. 
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Lat. loft 38° 25' N. \ 

D. lat. 136*6 = 2 17 S. r The lat. in is found according 

I to Rule XXII, page 53. 

Lat.in (or arrived at) 36 8 N. / 

Ex. 3, A ship from lat. 37° 24' 8., sails the following true courses :— S.W. by S,, 
20 miles J West, 16 miles; N,W. by W., 28 miles; S.S. E,, 32 miles; E.N.E., 14 
miles ; S.W., 36 miles ; required the lat. in, also the course and distance made good. 



Courses. 


DiST. 


DiFF. Lat. 


Depabture. 


N. 


s. 


E. 


W. 


S. 3 W 

W 

N. 5 W 

0. 2 E. . . « . 

N. 6 E 

S, 4 w 


20 
16 
28 
32 
14 
36 


15-6 
5-4 


166 

29-6 

25 s 


123 

I2'9 


II'I 
i6*o 

233 
255 






2I*0 


71-7 

2I-0 


25 -2 


75*9 
252 


507 


50-7 



"We seek in the several pages of the Traverse Table II, for the diff, lat. 50*7, and 
dep. 50*7 ; the nearest found to these are diff. lat. 50*9, dep. 50*9, give course S. 45° W., 
distance 72 miles. 

The diff, lat, and dep, being of equal amount, the course is 45**, or 4 points, which 
illustrates the remark, page 49. 

Lat. left 37' 24' S. \ The lat. sailed from being South, and the 

Diff. lat. 50*7 = 51 S. / ship having sailed South, the ship has evidently 

( increased her South lat., whence the sum of 

Lat, arrived at 38 15 S, j lat. from and d. lat, is taken to obtain lat. in. 

Ex. 4. A ship from lat. 20** 56' N., sails (all true courses) N.W. by N., 20 miles ; 
S.W., 40 miles ; N.E. by E., 60 miles ; S.E., 55 miles; W. by S., 41 miles ; E.NJE., 
66 miles : required the latitude in, also the course and distance made good. 



Courses, 


DiST. 


Diff. Lat. 


Departure. 


N, 


S. 


E. 


W. 


N. 3W 

S. 4W 

N.5E 

S. 4 E 

S, 7 W 

N. 6 E 


20 

40 
60 

55 
41 
66 


166 
33*3 

25*3 


28'3 

389 
8'o 


499 
38-9 

61*0 


II'I 
28'3 

40*2 






75*2 


75'2 
75-2 


1498 
79-6 


79*6 




70-2 
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The Traverse Table being filled up, the sum of the Northings and Southings are 
both 75*2, and being of contrary directions, show that the sliip has returned to the 
same parallel of latitude which she sailed from. The sum of the Eastings is 149 8, 
and that of the Westings 796 ; their diflference 70-2 shows tliat the ship has gained 
so much to the Eastward, that being the greater. Consequentlj- the Course is duo 
East, and tiie Duttance 70*2, the same as the departure, 

Ex. 5. A ship sails from a place in lat. 1° 15' N., the following true courses : — 
S.W. by W., 45 miles ; E.S.E., 50 miles ; S.W., 30 miles ; S.E. by E., 60 miles ; 
S,W. f S,, 63 miles : required the latitude in, also the course and distance made 
good. 



Courses. 


DiST. 


Dlpf. Lat. 


Departuke. 


N. 


S- 


E. 


W. 


S. 5 w 

S. 6 E 

S. 4W 

8. 5E 

S. 3iW 


45 

50 

30 
60 

63 




25-0 
191 

21-2 

33*3 
506 


46*2 
49*9 


37 4 

21*2 

37*5 








149-2 


961 
96*1 


96*1 





The Traverse Table being completed, the sum of the Southings is 149*2 miles, and 
to that amount the ship has altered her latitude. The miles of departure in the East 
column are 96*1, and those in the West column are also 96'! ; but as the East and 
West departures destroy one another, and the ship has made no departure, she is 
under the same meridian as she sailed fr^m : consequently the course is due S., and 
ihe distance sailed is equal to the diff, of lat., viz., 149*2. This is according to 
page 49. 



Latitude left 
Diflf.lat. 6,0)14,9*2 



Latitude in 



1° 15' N." 



2 29'2 2 29 S, 

I 14 S. 



The ship being 1° 15', or 75 miles, N, 
of the equator, must evidently be in S. 
lat. after making 149 miles of Southing. 
Thus, in subtracting one of the quantities 
from the other, the difference takes the 
tMMie of the greater. Rule XXII, p. 53. 



Ex. 6. A ship from latitude 46" 10' N., sails as follows: S.E. jE., 25miles; S.E. |E., 
i8'9 miles; E. J N„ 12-4 miles; E.S.E. J E., 14*5 miles; E.S.E., 21-6 miles; 
N.N.W.JW., i6-4miles; N.fE., 7-8 miles; N.byE.^E. i3-7mUcs; E.byN.iN,, 
39*6 miles : required the lat, in, also the course and distance made good. 
M 
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DiST. 


Dipp, Lat. 


Depabtuke. 


V^OUBSES. 


N. 


S, 


E, 


W. 


S. 4i E, . 
S. 41 E. . 
N. 7}E. , 
S. 6i E. . 
S, 6 E. . , 
N,2iW, . 
N. fE. 
N. ij E. 
N. 6} E. 








25 
18-9 

12-4 

14*5 

21*6 

i6*4 

7-8 

13-7 

396 


06 

149 

7*7 
i3'i 

97 


i6-8 
120 

8-3 


i8-5 
14*6 

124 

137 

20'0 

I-I 

40 
38-4 


7*1 






46*0 
42*0 


42-0 


122*7 
71 


71 










4-0 


115-6 



Explanation. — The course 45 points (found at the bottom of one of the pages in 
Tablel),anddist. 25 (in Dist, column), opi)osite this last stands i6*8 diff. lat., and 
18-5 dep., and as the ship is sailing on a S. and E. course, the dift lat. is written in 
the DiiT. lat. column, and the dep. in the East column. 

To take out the next course and distance we proceed thus ; — 4^ points and dist. 
1 8*9, taken as 189, give diff. lat, 119*9, and dep, 146*1 ; now removing the decimal 
point in each one place to the left we have diff. lat, 1 1 9*9 = 1 1 • 99, and dep. 1 46* i = 14*6 1 ; 
we do not require to use both the decimal places, but if, as in the case with diff. lat., 
the second decimal figure amounts to 5, we add i to the first, and the diff. lat. thus 
becomes 12*0 ; if, as in the dep., the second figure is less than 5, we reject it, and 
thus the dep. is 14*6, 

The third course is N, 7f E., and distance 12*4; then 7f points and dist, 124 
(omitting the decimal point), give diff, lat, 06*1, and dep. 123*9 > ^^"^ dropping the 
tenths in each, namely, the i and the 9, and increasing the preceding figure by i in 
the last case, as the tenths exceed 5, we have, after removing the decimal point one place 
to the left, diff. lat. 0*6, and dep. 12*4. ^ 

Proceed in this way with the remaining courses, except the last, in which case the 
distance being more than 300, we proceed as follows : — 

Course 6f points, and dist. 300 give diff. lat, 72'9, and dep. 291*0 

96 „ 23'3, „ 93-1 

Therefore course 6| pts. and dist. 396 „ 96*2, „ 384*1 

Now cutting off the last figure of each, the 2 and the i, and removing the decimal 
point one place to the left, we have diff. lat, 9*6, and dep. 38*4. 



Lat. left 46* 10' N. 
Diff. lat. 4 N. 



Lat. in 46 14 N. 



Diff. of lat. 4-0, and dep. 115.6, give 
course N. 88° E., and dist. 116 miles. 
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Examples for Practice. 

1. A ship from the Texel, in lat, 52* 58' ^., sails W. by N., 44 miles ; S. by E., 
45 miles ; W. by S,, 35 miles ; S.S.E., 44 miles ; W.S.W. J W., 42 miles : find diff. 
lat. and dep., the course and dist, made good, also the lat. arrived at. 

2. A ship from Heligoland, lat, 54" 12' N., sails "W.S.W., 12 miles; N.W., 24 
miles; S. by "W., 20 miles ; N.W. byW., 32mile8; S. by E., 36 miles; "W. byN. JN., 
42 miles ; S.S.E. J E., 16 miles ; W, f N., 45 miles : required diff. lat, and dep., 
course and dist. made good, also the lat. arrived at. 

3. A ship sails from lat. 3° 50' N., S.S."W., 112 miles; S. byE,, 86 miles; S.S.E., 
112 miles; S. by W., 86 miles: find diff. lat. and dep., the course and dist. made 
good, also the lat. arrived at. 

4. Yesterday we were in lat. 1 9° S., and since then have sailed S.E. J S., 13 miles ; 
8. by E., 19 miles ; S.E, by E., 22 miles ; E, by S. J 8., 32 miles ; N.N.E., 20 miles ; 
N. by W. J W., 27 miles ; N.E. by E, J E., 24 miles ; S.W, J 8., 10 miles. 

5. A ship frt)m lat. i* N„ sails East, 8 miles ; E, J N., 20 miles ; S.E. by E,, 33 
mUes ; 8. f W., 31 miles ; N,E. J N., 43 miles ; South, 28 miles ; S. f E., 21 miles ; 
8. by W. i "W., 12 miles : required diff. lat. and dep., course and dist, made good, 
and also the lat. in. 

6. A ship from lat. i* 10' 8., sails E. by N, J N., s^ miles ; N, J E., 80 miles ; 
8, byE. J E., 96 miles; N. J E., 68 miles; E.S.E., 40 miles ; N.N.W, J W„ 86 
miles ; E. by 8., 65 miles : find diff. lat, and dep., course and dist. made good, also 
the lat. in. 

7. A ship fix)m lat. i* 2' 8., sails N.N.E., 22 miles ; N. by "W., 30 miles ; N.E. by E., 
40 miles ; E.S.E,, 25 miles ; 8,S."W., 18 miles ; N.W. J N., 50 miles ; N.E. J E., 42 
miles ; W. J 8., 45 miles ; S.W, by 8., 20 miles ; E. f N., 62 miles : find diff. lat 
and dep., the course and dist, made good, and the lat. arrived at. 

8. A ship from the Lizard, in lat. 49° 58' N., with the wind at N.E., steers W. J 8. 
(true), 89 miles ; the wind veering to the Westward, she is close-hauled, and sails as 
follows : — North, 22 miles ; S.W., 50 miles ; N.W. by W., 30 miles ; 8.S.E., 14 miles ; 
and W,8.W, } W., 42 miles : find the diff. lat. and dep., the direct course and dist. 
made good, and the lat. of ship, 

9. A ship from lat. 47" 12' N., sails 8.S.W., 17 miles ; E.N.E. J E., 14-3 miles ; 
8.W. J W., 14-9 miles; S.E., i5»i miles; N.W. J N., 15-1 miles; E, by N., 156 
miles ; S.W. J W., 16*9 miles ; and S. } E., 8 miles. 

10. A ship from lat. 55° i' N., sails 8.E. by E, | E,, 18 miles ; N, J E., 12*4 miles ; 
N.N.W,, 12*1 miles ; 8.8. W. J W,, 10-5 miles ; and 8. by E., 95*5 miles : find diff. 
lat. and dep., course and dist. made good, also lat, in. 

11. A ship from lat. 38* 40' N., sails N, | E,, 9-6 miles ; N. by E. J E., 23 miles ; 
S.E. by E., 1 1 '5 miles; S.E. by E. J E., io'3 miles ; E.S.E., 12 miles ; S.E. |E., 11 -6 
miles; S.E. byE., 157 miles; E. J N., 14*1 miles; East, 7-3 miles; E, J 8., 6-8 miles ; 
and West, 24 miles. 
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12. A ship from lat, 56* 59' N., sails S. 42° W., 19 miles ; N, 10® "W., 20*2 miles ; 
S. i7°E., iri miles; N. 46°E., 8'imiles; S. 51* W., io'8 miles; S. 67° E, 19' 3 miles; 
S. 43° E., 8 miles ; N. 84* W,, 15 miles : find diff, lat. and dep., the course and dist. 
made good, also the lat. arrived at. 

13. A ship from the Equator, sails by compass, S.W. f W., 62 miles ; S. by W., 
16 miles ; W. J S., 40 miles ; S.W. | "W., 29 miles ; S. by E., 30 miles ; and S. f E., 
1 4 miles. Variation 20° "W. Eequired her lat. in and the course and dist. made good. 

14. A ship from lat, 34° 18' S., sails as follows : — ^E, by S,, 20*1 miles ; W.S.W., 
15' I miles; W byS. JS., 15 miles; E. by N. f N., 31*2 miles; N.W.fW., 23 miles; 
S.E. JE., 11-6 miles; S.E. by E J E„ 106 miles; and N.W. J "W., 16 miles: 
required the lat. in, also the course and distance made good. 

15. A ship sails from lat. o' 49' S., the following (true) courses : — ^N.W. J "W., 
7*6 miles ; N.W. J N., 5-8 miles ; N.N.W. f W., 4 miles ; N. by W, f W., 6 miles ; 
N.N.W. i W., 2-4 miles ; and S.S.W. | W., 65-2 miles. 

i6. A ship horn. lat. 1° ic N., sails as follows: — S.W. by W. J W., 15 miles; 
S.S.E.fE., in miles; S.S.E.,24-3miles; N.N.W. fW,, 177 miles; N.E.byE.JE., 
12' I miles ; S.W. by W. J W., 20*5 miles ; S.S.E, } E., 282 miles ; E. J N., 48 miles. 



PAEALLEL SAILING. 



When a sHp sails on a parallel of latitude — that is, when her course 
is due East or due West — the distance or departure so made good is 
converted into difference of longitude by 

EULE XXXTTT. 

1°. Take out of the Tables the log, secant of latittcde (rejecting 10 from 
index J J and the log, of departure made good, 

2°. Add these logs, together^ and find the nat, number corresponding 
thereto. The residt is the difference of longitude required. 

In parallel sailing the latitude being constant, the difference of 
longitude bears a constant ratio to the distance, and all problems may 
bo completely solved by the solution of a right angled plane triangle, 
and therefore by inspection of the Traverse Table by 

EULE XXXIV. 

With the latitude of tlie parallel as a course, and the distance sailed on it 
as difference of latitude, tlie corresponding distance, in the Traverse Table^ 
is the difference of longitude. 
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Examples. 



Ex. I. In lat. 29' 51' S., the dep. 
made good 161 miles ; required the diff. 
of long. 

Lat. 29''5i' Secant 0*061815 

Dep. 161 Log. 2*206826 

Log. 2*268641 
Diff. of long. 185*6 

In Traverse Table H, lat. 30° as 
course, dep. 161*1 in lat. column, give 
diff. long. 1 86 miles in dist. column. 



Ex, 3. From long, cP 59' "W., the dep. 
made was 1 25 East on the parallel of 52° ; 
required the long. in. 

Lat. 5 2° Secant o • 2 1 065 8 

Dep. 125 Log. 2*096910 

Log. 2-307568 
Diff. of long. 203*0. 

Diff, long. 6,0)20,3 

323 = 3° 23' E. 
Long, left o 59 W. 

Long, in 2 24 E. 

Ex. 5. In lat, 23** 39' N., the dep. 
made good was 528 miles ; required the 
diff, of long. 

Lat. 23** 39' Secant 0*038098 
Dep. 528 Log. 2*722634 

Log. 2*760732 
Diff. of long. 576*4. 

Examples 



Ex. 2. A ship sailed 94*6 miles on the 
parallel 64° 38' N. ; required diff. long. 

Lat. 64^38' Secant 0*368141 
Dep. 94*6 Log. i '975891 

Log. 2*344032 
Diff. of long. 22o*8. 

In Traverse Table II, lat. 64° as cours© 
and dep. 94*7 give diff, lat. in dist. column 
216 mUcs ; and course 65°, and dep. 94*7, 
give diff. long, in dist. column 224 miles ; 
therefore the diff. long, for 64^° will = 
216 + 224 -j- 2 == 220 miles. 

Ex. 4, A ship from long. 179° 20' "W, 
sails 109 miles "West, on the parallel of 
61° 25' . what is the long, in. 

Lat. 61° 25' Secant 0*320176 
Dep. 109' Log, 2 037426 

Log. 2*357602 
Diff. of long. 228'8 W. 

6,0)22,9 3" 49"^' 
179 20 W. 



3 49 



Long, in 183 9 W, 
360 o 



Or 176 51 E. 

Ex. 6. In lat. 47° 53', the dep. made 
good was 765 miles, required the diff. 
of long. 

Lat. 47° 53' Secant 0*173509 
Dep. 765 Log. 2*883661 



I^og- 3*057 170 
Diff. of long. 1140*7. 

FOB Practice. 



In each of the following examples the difference of longitude is 
required : — 

LAT. IN, DEP. 

6** 7'N. 249' W. 

19 48 S. 324 E. 

39 57 N. 398 W, 

51 17 N. 294*8 W. 

60 o N. 74'oW. 

46 37 S. 352 E, 



I. 
2. 

3- 

4. 

5- 
6. 





LAT. IN. 


DEP. 


7. 


64°i6'N. 


265' 7 W. 


8. 


51 28 s. 


70*9 E, 


9« 


37 N, 


94 W. 


0. 


60 S. 


204 E. 


I. 


II 15 N. 


365 W. 


2. 


54 53 S. 


342 E. 



JRemarks. — ^The method of parallel sailing will apply correctly enough for all 
practical purposes to cases where the course is nearly east and west (true). In 
latitudes higher than 5°, when the distance does not exceed 300 miles, the departure 
may be used at once for the difference of longitude, the resulting error scarcely 
exceeding one mile. 
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MIDDLE LATITUDE SAILING. 



Middle Latitude SAiLiNa relates to the conversion of the departure 
into difference of longitude, and the difference of longitude into departure, 
when the ship's course lies obliquely across the meridian, that is, when 
besides departure, she makes difference of latitude. 

Suppose a ship, in going on the same course, from latitude 40** to latitude 44°, 
makes 100 miles departure : this departure, if made good altogether in latitude 40**, 
would give 1 30*5 difference of longitude hy Rule XXXIH, page 84 ; and again, if 
made good in latitude 44°, it would give 139 difference of longitude. Now, since the 
ship has saUed between these two parallels, and not on either of them exclusively, her 
real difference of longitude must be between 130*5 and 139, and therefore we may 
conclude it to be not far frx)m that which would result from a departure made good 
altogether in the middle parallel; hence the name Middle Latitvtde Sailing^ Middle 
latitude sailing then, is founded on the consideration that the arc of the parallel of 
middle latitude of two places intercepted between their meridians, is nearly equal to 
the departure. If we conceive the ship to sail along this middle parallel, we may 
apply the principle of parallel sailing to the cases in point. In parallel sailing the 
departure (or distance) and difference of longitude are connected by the relation, 
dep. = diff. of long. X cos. lat. When the ship's course lies obliquely across the 
meridian, making good a difference of latitude, a modification of this formula gives 
the formula for middle latitude sailing, dep. (nearly) = diff, of long, X cos. mid, lat. ; 
or, in logarithms, log, dep, = log, diff. of long, -j- log. cos. mid. lat. — 10. Middle 
latitude sailing has thus the same two cases as parallel sailing, and accordingly the 
rules for inspection, computation already given. Rule XXXIII, page 84, apply equally 
to this sailing, observing merely to read middle latitttde for latittide. 

To find the latitude and longitude in, the course and distance from a 
known place being given by Traverse Table and Middle Latitude. 

EULE XXXV. 

1°. With the given course and distance enter the Traverse Tahle, and 
take out true difference of latitude and departure (see page 75). 

2°. With difference of latitude and latitude from, find latitude in 
(see Rule XXTT, page 53). 

3°. Get the middle latitude, as directed^ Rule XXIH, page 54. 

4°. With the middle latitude as course, look in the difference of latitude 
column for the departure, the corresponding distance at the top is the 
difference of longitude. 
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5°. With difference of longitude and longitude from get longitude in, 
08 in Bule XXV, page 56. 

NoTB. — ^When the departure to be looked for as difference of latitude at the middle 
latitude, is beyond the limits of the Table, one-half, ono-third, &c., must bo used, and 
the resulting difference of longitude multiplied by the divisor, in order to get tbo whole 
difference of longitude* 

Examples. 

Ex, I. A ship from lat, 52" 6' N., long. 35° & W., sailed S.W, by W., 256 miles ; 
required her latitude and longitude in. 

Course S. ? pts. "W. \ • 3'rt> -^ , 1 ^ / ^ 
Distance 256 miles ) ^^® ^^' ^^^' '^^"^' *^^ ^®P- ^""9 (see page 75). 

6,0)14,2 Diff. lat. 2°22'S. 2)212-9 

Lat. fit)m 52 6 N, 

2 22 J dep. io6*4 

Lat. in 49 44 N. 

Mid. lat. 5 1 " as course (Table 11) , and half 

2)101 50 dep. 106-4, in diff. lat, column, give in dist. 

column 169 miles, the half the diff. of long. 

Mid. lat. 50 55 Then 169 X 2= diff. long, 338. 

6,0)33,8 i'^SS'W. 
Long, from 35 6 W. 

5 38 

Long, in 40 44 W. 

Explanation, — The difference of latitude and departure are found as described in 
page 75. The latitude in is found by Kule XXII, page 53 ; and thence the middle 
latitude, by adding the latitude from and latitude in together, and dividing by 2 
(see Bule XXTTT, page 54). The departure exceeding the limits of the Tables, the 
half is taken. Then with middle laUtude as a course, and half the departure, in difference 
of latitude column, half the difference of longitude is found in the distance column. 
This being doubled (as half the departure was taken) and divided by 60, gives the 
difference of longitude expressed in degrees and minutes. The ship is in TFest longitude, 
sailing West, add difference of longitude to longitude left to obtain longitude in 
(Rule XXV, page s'^)- 

This is the usual case at sea of working the Day's Work. 

Ex. 2. A ship from lat, 48° 27'*4 N., and long. 29° 12' W., sails N,E. by N,, 21*5 

miles : required the latitude in, also the longitude in. 

Course N,E. by N. = 3 pts.; then 3 pts. and dist. 22-5 give diff. lat, 18-7, and 

dep. 1 2*5 (see page 75). 

Diff, lat. o® 19' N. Mid, lat. 48 J* as course, and dep. as diff. 

Lat. frt>m 48 27 N. lat., give in dist. column 19 miles, which 

is the diff. of long. 

Lat. in 48 46 N. (Bule XXTT, page 53.) 

Diff. long. o'19'E. 

2)97 13 Long, left 29 12 "W. 

Mid. lat. 48 .36 Long, in 28 53 W. 

(To find mid, lat, see Bule XXm, p. 54.) (The long, in is found by Bule XXY, p. 56.) 
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Ex. 3. Lat, from 58° 13' N., long, from 3* 33' E., course S.S.E, J E., distance 213 
miles : required latitude and longitude in. 

Course 2 J points, and dist. 213 miles, give diff. lat. i92'6, and dep. 91* r. 

6,0) 19,2*6 Mid. lat. 56° as course, and dep, 91*1 as 

diff, lat., give in dist. column 163 ; and mid. 

3 12*6 or 3° 13' S. lat, 57° as course, and dep. 91*0, give in dist, 

Lat. from 58 13 N. column 167. Then 1634- 167 ==330, which 

divided by 2, gives diff. long. 165 miles. 

Lat. in 55 o N. 6,0)16,5 



2)113 13 2 45 or 2° 45' E, 

Long, from 3 33 E. 

Mid. lat. s6 36 

The mid. lat. is here 56 J°. Long, in 6 18 E. 

Ex. 4. A ship from the Lizard, in lat. 49° 57' N., sails W.S.W,, 163 miles, variation 
2 J points W, : required the latitude come to, and difference of longitude. 

W.S.W. by compass is (allowing 2 J points westerly variation) S.W. J S. true, 

which in Table H, and dist. 163, gives diff. lat. 126, and dep. 103*4. 

6,0)12,6 • Then mid. lat. 48° 54', say 49°, as a 

course, and dep. 103*4, found in the lat. 
column, opposite to which, in the dist. 
column, is 158 nearest, the difference 
of longitude. 



2 6 


or 
Lat. left 

Lat, in 


2" 6'S. 
49 57 N. 

47 51 N. 




O97 48 



Mid. lat. 48 54 

Ex. 5. Sailed from A, in lat. 50° 48' N., long, i' 10' W., S. 41° E., 275 miles. 

Entering Traverse Table II with dist. 275 miles, and course 41°, the trtte diff. hi. is 
207''5, or 3° 27''5 S. ; applying this to lat, from, the lat. in is 47° 20' -5 N. The 
corresponding dep, is taken out at the same opening, which is 180' '4. The mid. lat., 
or half sum of lat. from and lat, in, is 49° to the nearest degree. The dist. correspon- 
ding to 49° as a course, and 180' -4 in diff. lat. column, is found to be 275', in degrees 
4° 35' E., which is the diff, long. Applying this to the long, from 1° 10' W., we have 
the long, in 3° 25' E, 

Examples foe Pkactioe. 

In each of tlie examples following, tlie latitude and longitude arrived 
at are required to be found, having given the latitude and longitude 
from, with the course and distance sailed. 





LAT. FROM, 


LONG. FROM. 


COURSE. 


DIST. 


I. 


25** 35' N, 


60° o'W. 


E.N.E. 


296 


2. 


32 30 N. 


25 24 w. 


N.W. by W. 4 W. 


212 


3- 


39 30 S. 


74 20 E. 


S.W. by W. f W. 


210 


4- 


46 24 S. 


178 28 E. 


S.E. f E, 


278 


5* 


20 29 N. 


179 10 W. 


W. by S. J S. 


333 


6. 


56 N. 


29 50 W. 


S, 47° E. 


168 
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MEECATOE'S SAILING. 



Meeoator's sailing, like middle latitude sailing, relates to finding the 
difference of longitude a ship makes when sailing on any oblique rhumb, 
and is a perfectly general and rigorously true method, which the other 
is not. 

Mercator's sailing is characterised by the use of the Table of meridional 
parfSf and the chart constructed by means of it called Mercator*8 chart. 
With the assistance of this Table, the rules of plane trigonometry suf- 
fice for the solution of all the problems. 

In the triangle ACB let A be the course, 
AB the distance, AC the true difference of 
latitude, GB the departure ; then corres- 
ponding to AC the table of meridional parts 
gives AC, the meridional difference of lati- 
tude, and completing the right-angled tri- 
angle ACB', CB' will be the difference of 
longitude. In addition then to the three 
canons oi plane sailing which can be deduced 
from the triangle ACB, the triangle ACB' 
giyes the characteristic canon oiMercator's 
tailing (since CB' = AC tang. A) diff, 
long, = mer. diff, lat. -{- tang, course. 




Given the latitudes and longitudes of two places, to find the course 
and distance between them. 

EULE XXXVI. 

I®. Find the true difference of latitude, according to Rule XX, page 50. 
2°. Find the meridional difference of latitude, Rule XXI, page 52. 
3°. Next find the difference of longitude. Rule XXIY, page 54. 
4°.* To find the course. — From the log, of diff, of longitude (increasing 
its index hj/ 10 J, subtract the log, of meridional diff, of lat. : the remainder is 



* From the formulae : — 

Tang. Course = ^r ^ j-^^^ .l 
® Mer. diff. lat. 



Pist. = 

If 



True diff la_t. 
Cos. course 



. * . log. tang, course — 10 = log. diff, long. 

— log. mer. difl. lat. 
i ' . log. dist. == log. true diff. lat. + 
log. sec. course — 10. 
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the tangent of course, which take out of the tahlesy and place "before it the 
letter of diff. oflat,, and after it the letter of diff, of long, 

5°. To find the distance. — To the secant of course (rejecting lo from the 
index J, add the log. of diff. of lat. : the sum is the log. of distance, the natural 
numher corresponding to which find in the tables. 

Examples. 

Ex. r. Eoquirod the course and distance from Tynemouth light to the Naze of 
Norway, 

Lat. Tynemouth 55** i' N. Mer. parts 3970 Long. Tynemouth i° 25' W, 

Lat. Naze 57 5S N. Mer. parts 4291 Long. Naze 7 2 E. 

2 57 Mer. diflF. lat. 321 8 27 

60 — 60 



Diff. of lat. 177 N. Diff, of Long, 507 E. 

The lats. having like names their difference is taken and reduced to miles, and 
since the lat. toiato the north of lat. frotrif the ship must sail to the northward, whence 
the diff. lat. is marked N. The difference of the meridional parts is taken as the lata, 
are hoth of the same name. The longs, heing of different names the sum is the diff. of 
long, which is reduced to miles, and since the ship has to pass from "W est long, to 
East long., she must steer Eastward to do so. The diff. of long, is therefore marked E. 



To find tJie Course. 

Diff. long. 507 Log. (+ 10) 12-705008 
Mer. diff. lat. 321 Log. 2-506505 

Tang. 10-198503 
Course N. 57° 39 38" E. 



To find the Distance, 

Course 57° 39' 38" Secant 0-271700 
Diff. of lat, 177 Log. 2 - 247 97 3 

Log. 2-519673 
Distance 330-9. 



To find the course we look for the tabulated logarithmic tangent nearest, and not 
exceeding, the given tangent, which we find to be 10-198325, the corresponding angle 
to which is 57' 39' ; we next take the difference of the tabulated tangent thus found 
and the given tangent, annex two cyphers, and divide by the difference (466) foimd 
in corresponding colmnn of difference, the quotient (38) is the additional seconds for 
the tangent, whence the course is N. 57° 39' 38" E. (see Itxdey pages 40 and \\J. The 
secant of course is next taken out (see Mtile, page 40^. 

Ex. 2. Bequired the course and distance from A to B. 

Lat. A 5i°23'N. Mer. parts 3606 Long, A 9*'29'W. 

Lat. B 48 23 N. Mer. parts 3326 Long. B 4 29 W, 

3 o Mer. diff, lat. 280 50 

60 60 



Diff. of lat. 180 8. Diff. of long. 300 E. 

Both latitudes being of the same name (north), take the difference and reduce to 
miles. Take out the meridional. parts for each lat. (Table lY, Norie), and take also 
the difference of these, since the lats. are of the sam^ name. The longs, being of like 
names the diff. of long, is found by taking the less long, from the greater, which also 
k reduced to miles. 
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Diflf, long, 300 Log. (+ 10) 12*477121 
Mer. diS. lat. 280 Log. 2-447158 



Tang. 10 "02996 3 
Course S. 46° 58' 30* E, 



Course 46"* 58' 30" 
Diff. lat. 180 



Recant 0*166014 
Log. 2255273 



Log. 2*421287 
Distance 263*8, 



Ex. 3. Hequired the course and distance from Cape Bajoli to Cape Sicie. 

Lat. Cape Bajoli 40** i' N. Mer. parts 2624 Long. Capo Bajoli 3** 48' E. 

Lat. Cape Sicie 43 3 N. Mer. parts 2867 Long. Capo Sicio 5 51 E, 



3 * 
60 

Diff. of lat 182 N, 



Mer. diff, lat, 243 



2 3 

60 



Diff. long. 123 Log. (+ 10) 11*089905 
Mer. diff. lat. 243 Log. 2*385606 

Tang. 9*704299 
Course N. 26'* 50' 50 " E. 



Diff. of long. 123 E. 

Course 26° 50' 50' Secant 0*049532 

Diff, lat. 182 Log. 2*260071 



Log. 2*309603 
Distance 203*9. 

Ex. 4. Hequired the course and distance from Cape Formosa to St. Helena. 

Lat. Cape Formosa 4° 15' N. Mer. parts 255 Long. C. Formosa 6° 1 1' E. 
Lat. St. Helena 15 55 S. Mer. parts 968 Long. St. Helena 5 45 W. 



20 10 
60 

Diff. of lat, 1 2 10 S, 



Mer. diff. lat. 1223 



II s^ 

60 



Diff. long, 716 Log. (+ 10) 12*854913 
Mer. diff. lat. 1223 Log. 3*087426 



Tang. 9*767487 
Course S. 30° 20^ 48" W. 

Ex. 5. Hequired the course and distance from Bahia to Fernando Po. 



Diff. of long. 716 W. 

Course 30° 20' 48" Secant 0*063997 

Diff. of lat. 1 2 10 Log. 3*082785 



Log. 3-146782 
Distance 1402 



Lat, Bahia 



13° I'S, 



Lat. Fernando Po 3 48 N. 



16 49 
60 



Mer. parts 788 
Mer. parts 228 

Mer diff. lat. 1016 



Long. Bahia 38' 32 W. 

Long. Fernando Po 8 43 E. 

47 15 
60 



Diff. of lat. 1009 N. 

Diff, long. 2835 Log. (+ 10) 13*452553 
Mer. diff. lat. 1016 Log. 3*006894 



Diff. of long. 2835 E. 

Course 70° 17' Secant 0*471895 

Diff. of lat. 1009 Log. 3*003891 



Tang. 10*445659 
Course N. 70' 17' E. 

Ex. 6. Hequired the course and distance from A to B. 

Lat. A 44° 44' S. Mer. parts 3007 

55 55 N, Mer. parts 4065 



Lat. B 



100 39 
60 



Mer. diff. lat. 7072 



Log. 3475786 
Distance 2991 

Long. A 148° 39' W. 
Long. B 44 44 E. 

193 23 
360 o 



Diff. of lat. 6039 N. 



166 37 
60 



Diff. of long. 9997 "W, 



gz 
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Diff. long. 9997 Log. (4- lo) 13*999870 
Mer. diff. lat. 7072 Log, 3*849542 

Tang. 10*150328 
Course N. 54'* 43' 26* W. 



Course 54** 43' 26* 
Diff. of lat. 6039 



Secant 0*238435 
Log. 3*780965 



Log. 4*019400 
Distance 10457 

Ex. 7. Eequired the course and distance from Cape East, New Zealand, to 

Cape Horn. 

Mer. parts 2445 Long. Cape East 178° 40' E. 

Mer. parts 4072 Long, Cape Horn 67 16 "W. 



Lat. Cape East 37® 42' S. 
Lat. Cape Horn 55 59 S. 



18 17 
60 

Diff. of lat. 1097 S. 



Mer. diff. lat. 1627 



245 56 
360 o 

114 4 
60 

Diff. of long. 6844 E. 



Diff. long. 6844 Log. (+ 10) 13*835310 
Mer, diff. lat. 1627 Log. 3*211388 

Tang. 10*623922 
Course S. 76** 37' 39" E. 



Course 76** 37' 39* 
Diff. of lat. 1097 



Secant 0*635860 
Log, 3*040207 



Log. 3*676067 
Distance 4743 



Examples for Practice. 

Eequired the course and distance from A to B in each of the fol- 
lowing examples : — 



I. 



2. 



liATITDDE. 

A 38° 14' N. 
B39 51 N. 

A 49 53 N- 
B 48 28 N. 

A 53 18 N. 
B 57 58 N. 
A 50 4 N, 
B51 25 N. 

A 64 30 N. 
B 60 40 N. 

A 46 30 S. 
B 39 20 S. 

7. A 22 55 S, 
B 34 22 S. 

8. A 54 54 8. 
B 34 22 S. 

9. A 45 15 N, 

B 47 10 N. 

A 34 22 S. 
B 15 55 S. 
A 49 57 N, 
B 36 58 N. 



6. 



10. 



II. 



LONGirUDB. 


A 


2^ 


7' 


E. 


B 


4 


18 E. 


A 


6 


19 


W. 


B 


5 


3 


W. 


A 





55 


E. 


B 


7 


3 


E. 


A 


5 


42 


W. 


B 


9 


29 


W. 


A 


4 


20 


W. 


B 





10 


E. 


A 


8 


20 


E. 


B 


3 


10 


E. 


A 


43 


9 


W. 


B 


18 


29 


E. 


A 60 


28 W. 


B 


18 


24 


E. 


A 


35 


26 W, 


B 


32 


15 


W. 


A 


18 


29 


E. 


B 


5 


43 


W. 


A 


5 


12 


w. 


B 


25 


12 


W. 





LATITUDE. 


LONGITUDE. 


12. 


A 35° 14' S. 


A 


75'' 


30' E. 




B 18 23 S. 


B 


12 


2 E. 


13- 


A 4 24 N. 


A 


7 


46 W. 




B 8 48 S. 


B 


13 


8 E. 


14. 


A 57 43 S- 


A 


10 


37 E. 




B 55 35 S. 


B 


I 


28 W. 


15- 


A 55 40 N. 


A 


2 


25 w. 




B 50 25 N. 


B 


3 40 E, 


16. 


"A 6 II N. 


A 


80 


15 w. 




B 6 S. 


B 


39 


16 vv. 


n* 


A 55 28 N. 


A 


I 


9 E. 




B 57 58 N. 


B 


7 


3E. 


18. 


A 49 56 N. 


A 


10 


19 E. 




B 38 39 N. 


B 


27 


14 E. 


19. 


A 35 51 S. 


A 


138 


54 E. 




B 38 52 N. 


B 


165 


53^. 


20. 


A 15 30 N. 


A 


176 


34 E. 




B 15 30 S, 


B 


176 


34 W. 


21. 


A 22 22 S. 


A 


122 


22 VV. 




B 33 33 N. 


B 


III 


II E. 


22. 


A 17 N. 


A 


180 


E. 




B 20 N. 


B 


161 


E. 
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To find the latitude and longitude in, having given the latitude from, 
the longitude from, and the course and distance between the two places 
by Traverse Table and meridional parts.* 

EULE xxxvn. 

1°. With fftven course and distance enter the Traverse Table and take 
out the corresponding true diJfference of latitude, from which and latitude 
from, find latitude in and then meridional difference of latitude, as in 
Bule XXI, page 52. 

2°. At the given course looh in the column of the true difference of 
latitude/or the meridional difference latitude ; the corresponding departure 
will he the difference of longitude, from which and the longitude irom find 
the longitude in, as in Rule XXV, page 56. 

Examples. 

Ex. I. A ship from lat, ss'* i' N., long. 1° 25 W., sails S.S.E. J E., 246 miles: 
required Hie lat. in and long in. 

Entering Traverse Table 11. with course S. 2 J points E., and distance 246, we ob- 
tain diff. lat. 217*0, and dep, ii6'o, 

6,0)21,7 Lat. left 55° i' N. Mer. parts 3970 "^ -^ 



3 37 S. Mer. parts 3607 



H «• 

M ^ 






Lat. in 51 24 N. Mer. diff. lat. 363 



J mer. diflf. lat, 181-5, 

The course i\ points, and half mer. diff. lat. 181*5 (in diff. lat. column), the nearest 

found in the Table is 18 17, the corresponding departure is 97'!, which multiplied by 

2 (having divided mer. diff. lat. by 2), gives diff. long 194' 2 miles.. 

6,0)19,4*2 Long, left 1*25' W, The ship being i° 25' W,, or 85' 

3 14 E, West of Greenwich, must evidently 

3° 14' bo in East longitude, after having 

Long, in i 49 E. sailed 194 miles to the Eastward. 

Ex. 2. A ship from lat, 42° 36' S., long. 178° 43' E., sails S.E. | E., 299 miles 

find lat, in and long. in« 

Course 4} points, and dist. 299, give diff. lat. 178-1, dep. 240*2. 

6,0)17,8*1 Lat, left 42'*36'S. Mer. parts 2830 

2 58 S. Mer. parts 3078 



H" sv 



Lat. in 45 34 S. Mer diff. lat, 2)248 

124 



• The general method of solution by " meridional parts," is from the formulae — 

True diff. lat. = dist. X cos. course 
. ' . log. true diff. lat, = log. dist. + log* cos. course — 10 
Diff, long. = mer. diff, lat. X tang, course 
. ' . log. diff^ long' = log. mer, diff. lat. + log. tang, course — 10. 
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Course 4J points, and half mer. diff. lat. 124 (in diff. lat, column), gives in dep, 
column 167-1, which doubled is 334'2, the diff. long. 

6,0)33,4** Long, left 178° 43' E. 

5 34 E. 



5° 34' 



184 17 E. 
360 o 



Long, in 175 43 ^* 

Ex. 3. From lat. 50* 48' N., and long i® 10' W., sailed S. 41° E., 275 miles : re- 
quired the lat. in and long, in. 

In the Traverse Table at the distance 275, and course 41°, the corresponding true 
diff. lat. is 207*5, or 3° 27''5, which being subtracted from 50** 48' N., the lat. in is 
47° 2c/'5 N. ; taking out the mer. parte for 50° 48', and 47° 20' '5, the mer. diff. lot. is 
found to be 317, to Ao/^ which as a true diff. lat,, and the course 41% the dep. is 137*8, 
twice which is 275-6, that is, the diff. long, is 4° 36' E. : hence the long, in is 3° 26' E, 

Ex. 4. From lat. 50" 30' N., and long 37" 55' W., sailed S,"W". f S., until arrived 
at lat. 52' 15' N. 

Lat. from 50° 30' N. Mer. parts 3521 Course 3 J points, and mer. diff. lat. 

Lat. in 52 15 N. Mer. parts 3690 in diff. lat. column, give in dep. col- 

umn 125*4, which is the diff. long. 

Mer. diff. lat. 169 Long, left 37^55' W. 

6,0)12,5*4 2 5 W. 

2° 5' Long, in 40 o "W". 

REMARKS ON MIDDLE LATITUDE AND MERCATOR'S SAILING. 

" The difference of longitude found bjr middle latitude is true at the equator, and very nearly true 
for short distances in all latitudes, especially when the course is E. or "W". In high latitudes, when 
the distance is great and the course oblique, the error becomes considerable ; but the result may be 
made as accurate as we please by sub-dividing the distance run into small portions, and findin g the 
diflference of longitude for each portion separately. The difference of longitude deduced by middle 
latitude sailing is too small : an estimate of the error for places on the same side of the equator may 
be formed by the help of a few cases. Supiwse the course 4 points or 45°, and the difference of latitude 
lO** or 600 ; then if this difference of latitude is made good in ajiy latitude below 30°, the error of the 
difference of longitude will not exceed 2' ; if made good below the parallels of 40° and 50®, the error 
will be about 3' ; and between 60° and 70° about 19*, or | of a degree. For smaller distances the errors 
will be much less, and for greater distances much greater, as they vary in much more rapid proportion 
than the distances. It has been observed before that when the course is large, the difference of longi- 
tude should be found by middle latitude in preference to Mercator's Sailing ; because, although the 
latter is mathematically correct in principle, yet a small error in the course may, when the course is 
large, produce a considerable error in tiie difference of longitude. The reason of this is easily shown. 
In middle latitude sailing we convert the departure into difference of longitude. The process increases 
the departure in a proportion which is less than 2 to 1 in all latitudes below 60° ; and exceeds 3 to 1 in 
aU latitudes bevond 70°. The error of the departure, increased in the same proportion, becomes thus 
the error of diflfcrence of longitude. Now w:hen the course is nearly E. or W., the departure is nearly 
the same as the distance, and an error of some degrees in the course does not affect the departure 
sensibly ; hence in this case the error of the difference of longitude depends on that of the £stance 
alone. But in Mercator's Sailing, on the other hand, we convert the meridional difference of latitude 
into difference of lon^tudc, and* the process, when the course is large, converts a given meridional 
diflference of latitude mto a difference of longitude much greater than itself ; and thus increases tiie 
error of the meridional difference of latitude in the same proportion. Thus, for example, at the course 
80», the diflfcrence of longitude exceeds the meridional difference of latitude in the proportion of 6 to 1 ; 
at the course 860 this proportion is 11 to 1. Now when the course is large, a slight change in it 
sensibly affects the diflference of latitude and also the meridional difference of latitude, which is deduced 
directly from it. In high latitudes the meridional parts vary rapidly, and the error of difference of 
longitude is aggravated accordingly ; hence the precept more especially demands attention in high 
latitudes."— jRopcr'* Practice of Navigation^ pp. 103—104. 
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This is the process oi finding the ship^s place at noon — that is, its latitude 
and longitude, having given the latitude and longitude at the noon pre- 
ceding, or a departure taken since, the compass courses and distances 
run in the interval, the leeway (if any), variation and deviation (if any), 
direction and rate of current (if any), &c., &c. 

EULE xxxvin * 

1°. Correct each course /or leeway and variation (see Rules XXVI to 
XXIX, pages 58 to 66\ which arrange in the tahular form as in the example 
following. Add together the hourly distances sailed on each course, and 
insert the same in the table, opposite the true course, 

(a) When a departure has been taken, consider the opposite to the bearing 
as a course, which correct for variation, and insert in the table as an actual 
course, with the distance of the object as a distance. The departure course 
is generally put down in the table as the first course. 

(b) The set of a current is to be corrected for variation, and inserted in 
the table as a course ; the drift being taken as a distance. The current 
course is generally inserted in the table as the last course. 

2°. Take out of the Traverse Tables (Table I or II, Raper or Norie) 
the difference of latitude and departure to each course and distance (see 
page 75), and proceed to find the difference of latitude and departure made 
good 08 directed in Rule XXXH, page 78, Traverse Sailing, 

3®. IHnd t?ie course and distance made good, see Rule XXXVI, page 89. 

4°. Find the latitude in by applying the difference of latitude to the 
latitude from. 

If a departure has been taken, the difference of latitude is to be applied to latitude 
of the point of land ; if otherwise, to yesterday's latitude. 

5®. To find the difference of longitude by Middle Latitude Sailing. 

(c) Find the middle latitude as directed, Rule XXIH, page 54. 

• Nearly the entire process of computing the Day's Work has already been given, 
and if the learner has thoroughly mastered the rules laid down in the preceding pages, 
he will find no difficulty in working the Day's Work without reference to them. 
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(d) JVext at the page of Tra/oerse Table on which the degrees ^at top 
or hottomj corresponds to middle latitude, Jlnd the departure tn a 
difference of latitude column^ then the corresponding distance is the dif- 
ference of longitude. 

When the latitude left and latitude in are of contrary names, no sensible error can 
arise from taking the departure itself as the difference of longitude. 

6°. To find the difference of longitude ly Parallel Sailing. 

If the ship has made a due E. or due W. course good, the difference 
of longitude is foimd thus: — 

(e) With the latitude as a course and the depa/rtwre in a difference of 
latitude column^ then the corresponding distance is the difference of longitude 
(Eule XXXiy, page 84). 

7®. To find the difference of longitude "by Mercator's Sailing. 

(f) Find meridional difference of latitude^ see Rule XXI, page 52. 

(g) Then with course and meridional difference of latitude (in a latitude 
column) find the corresponding departure, which is the difference of longitude 
(see Rule XXXVII, page 92). 

When the course is less than 5 points or 56', the difference of longitude may be 
found by cither or both Middle Latitude or Mercatot^s method, but if the course exceeds 
5 points, the method of Middle Latitude should bo used in preference to Mercator'a (see 
Eemarka in page 94). 

8°. With the longitude left and difference of longitude ^»rf the longi- 
tude in (see Eule XXV, page 56). 

When a departure has been taken the longitude left is that of the point of land 
otherwise that of yesterday. 

ItemarJc. — ^It will effect a considerable saving of time and trouble, more 
especially when the variation is given in degrees, to correct the compass 
courses for leeway only ; then with these courses and the distances run 
on each, to proceed to find difference of latitude and departure, and thence 
the course (magnetic) and distance made good. Allow the variation 
iipon this magnetic course, and so get the true course; with which, 
and distance made good, find the true difference of latitude and 
departure. 
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i H. 


Courses. 


K 


I 


Winds. 




Remarks, &c. 


1 




4 


lO 

2 




2 




I 


S.S.£. ^ £« 


East. 


A point of land in lat. 


2 




4 


3 






42°i2'S., long. 42<>58' W., 


3 




5 


o 






bearing by compass E. by 


4 




5 


2 






N. 5 N., distauco 21 miles. 


5 




4 


O 








6 


N.N.E, 


4 


I 


Ditto. 


H 




7 




3 


8 








8 




3 


5 








9 




3 


2 








lO 


S,W. J w. 


3 


5 


W.N.W. 


•* 




II 




3 


6 






Variation ij West. 


12 




4 


o 








I 




4 


2 








2 


N.JE. 


4 


3 


Ditto. 


4 




3 




4 


4 








4 




4 


5 








5 


S.S.W. 


6 


2 


West. 


J 




6 




6 


4 






A current set by compass 


7 




6 


2 






W.S.W., 26 miles from the 


8 




6 


5 






time the departure was taken 


9 


N. by W. J W. 


6 


2 


Ditto, 


t 


to the end of the day. 


lO 




5 


7 








II 




5 


3 








12 




5 


4 









Correct the courses for 
from the given point, and 



variation and leeway, and find the course and distance 
the latitude and longitude in by inspection. 



Courses. 



S. 4| W. 
S. 2I E. 
N, 2 W. 
S. 1 W. 
N. I E.. 
S. i E. 
N. 24 W. 

S. 4I w. 



DiST. 


N. 


S. 


E. 


w. 


21 




12-5 




i6'9 


22-7 
14-6 

15-3 
13-2 


13*5 
13-0 


205 
150 


97 
2-6 


S'6 
3-0 


253 
226 

26 


199 


253 

17*5 


1*2 


107 
19*3 




464 


90-8 
46-4 


13-5 


55*5 
i3'5 


44-4 


42*0 



Difference latitude 44*4 ) ^„f, :„ t . , jj ( Course S. 43 
Departure 42*0 / ^^° ^ ^*^^® ^^ \ Distance 61 ] 



°W.» 

miles. 



Latitude left 42° 12' S. 
Diff. latitude 44 S. 



Latitude in 42 56 



Meridional parts 2798 
Meridional parts 2858 

60 



Sum 2)85 8 
Middle lat. 42 34 



♦ The course being less than 56°, the 
difference of longitude may be found both 
by middle latitude and Mercator's method. 
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Course S. 43* W. ) . . m , , ^^ ( Difference of longitude ss'9 
Mer. diff. lat. 60 i ^^® ^ ^^^^^ ^^ \ (in departure column.) 

Mid. latitude 42^ , j give in Table H ( ^'"^^^^ of longitude 57' 
Dep. 42-0 (as d. lat.) /»**'' "* *»uxc xx ^ ^^ distance column.) 

Longitude left 42^58' W. 
Diff. longitude 56 W. 

Longitude in 43 54 W. 



(i.) To correct the courses (see Rule XXIX, page 66) : — 



The Departure Course^ 

The opposite point to E. by N. J N. is 
W. by S. J 8. 

W, by 8. J S. = 6J R. of 8. 
Variation i| L. 

True course 4J R. of 8. 

OrS.W. }W. Dist. 21'. 

This is inserted in Traverse Table as 
ist course. 



2nd Course N.N.E. 
KN.E. = 2 pts, R. of N. 

True course 2 L. of N. 
Or N.N.W. 

The distance, 14*6, is found by adding 
up the hourly distances from 6 o'clock 
until the course is changed at io« 



i8i Oourse S,8.E. J E. 

8.S:E. J E. = 2 J L, of 8, 
Leeway 2 R.1 , ^ 
Var. ifL./ ^^ 

True course 2^ L, of 8. 
Or 8.8.E. i E. 

The distance, 22^*7, is found by adding 
up the hourly distances until the course 
is altered at 6 o'clock. Insert this course 
and distance in Table as 2nd course. 

$rd Oourse 8.W. J W. 
S.W. 1 W. r= 4| pt8. R. of 8. 

True course r R. of 8. 
Or 8, by W. 

Distance, is''3y is found by adding up 
hourly distances from 10 o'clock until 2. 



4th Course N. J E. 
N. JE. = iR. ofN. 



Leeway 24 R. 
Var. 



True course i R. of N. 
OrN. byE. Distance 13'* 2, 



Sth Course 8.8, W. 
8.8. W. = 2 R. of 8. 

True course 4 L. of 8, 
Or 8 J E. Distance 25''3. 



6th (hurse N. by W. } W. 
N, by W. J W, = I J L. of N. 

True course 2 J L. of N. 
Or N.N.W. i W. Distance 22'-6. 



Current Course W.8.W. 

W.8.W. = 6 R. of 8. 
Variation if L. 

-^R. ofS. 
Or 8.W. i W., 26'. 



Previously to opening the Traverse Table to take out the difference of latitude and 
departure to each course and distance in the above table, fill up the columns not 
wanted : thus, in the first course, 8. 4f W,, the 8. and W, will be wanted, and the 
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N. and E, will not be wanted ; fill up these last two columns bj drawing a dash 
under N. and E. Proceed in the same manner with the other courses, 

(2.) lb Jind the difference of latitude and departure to each course and distance by 
the Traverse Table, 

Enter Traverse Table, and take out the difference of latitude and departure corres- 
ponding to 4| points, and distance 21'. Insert them in the columns S, and W. 

The second course is 2| points, and the distance 2 2' -7. Then 2^ points and distance 
227 (omitting the decimal point), give difference of latitude 205-2, departure 97*1 ; 
now dropping the tenths in each — ^namely, the 2 and the i — ^and shifting the deci- 
mal point one place to the left, we have difference of latitude 20*5, departure 9*7, 
which insert in columns S. and E., the course being marked S. and E. 

The third course is K. 2 W,, and distance 14*6. Look for 2 points and distance 146, 
which give difference of latitude 134*9, departure 55*9 ; now dropping the tenths, the 
9 and the 9^ and increasing the preceding figure by i, as the tenths exceed 5, we have, 
by removing the decimal point one figure to the left, the difference of latitude 13*5, 
and departure 5*6. 

Proceed in this way with the remaining courses. 

Next, we find the sum of the four columns, when it appears the ship has sailed 
46*4 N., and 90*8 S. ; therefore upon the whole the difference of latitude is 44*4 8. 
The sum of the eastings is 13*5, of the westings 55*5, and the departure made good 
is 42'o W. 

(3.) To Jind the Course and Distance made good. — The difference of latitude 44*4, and 
departure 42*0, found ^0 correspond in their columns, give course 8. 43° W., distance 
61 miles (see page 77). 

(4.) We next apply the difference of latitude, 44' 8., to the latitude left, 42' 12' 8. 
(the latitude of point of land), taking the sum, as they are of one name, and the 
latitude 42* 56' 8., takes the name of either (Rule XXII, page 53). 

(5.) To find the Difference of Longitude. — Take out the meridional parts for latitude 
left, 42° 12', and also for latitude in 42** 56', and take the less from the greater, as 
the latitudes are of one name. The remainder is meridional difference of latitude 
(Bule XXI, page 52). 

Or, find middle latitude by adding together latitude left and latitude in, and divide 
the sum by 2 ; the quotient is the middle latitude (Rule XXTTI, page 54). 

Then the course 43°, in Table II, and meridional difference of latitude 60', found in 
difference of latitude column, gives in departure column 55' "9, or difference of longi- 
tude 56' (Rule XXXVn, page 93). 

Or, the middle latitude 42 J', in Table 11, and departure 42''o, in difference of latitude 
column, gives in distance column 57', the difference of longitude (Rule XXXV, page 86). 

The difference of longitude $6' W. (that found by Mercator's sailing), added to 
longitude left 4a* 58' W., gives longitude in 43' 54' W, (Rule XXY, page 56). 
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I 


COUBSE8, 


10 


Wna>g, 


Lee- 
way. 


Remabks, &c. 


E.N.E. 


7 




N.N.W. 





A point, Cape Runaway, 


2 




lis 






latitude 37** 3 1 ' S. , longitude 


3 




7 « 






178° 2 1' E., bearing by com- 


4 




7 


7 






pass 8.W. f 8., distance 15 


5 


E. by N. 


6 




N. by E. 


i 


miles. 


6 




6 


5 








7 




6 


7 








8 




6 


8 








9 


E.S.E. 


6 




N.E. 


I 




ID 




5 


8 








11 




5 


8 






Variation ij point East. 


12 




5 


4 








I 


E. by N, 


5 




S.E. by S. 


'i 




2 




5 


6 








3 




J 


4 








4 


N.E. by E. 


J 




S.E. by E. 


'i 




5 




4 










6 




4 


6 






A current set by compass 


7 




4 


6 






S,S.W, J W., 7 miles from 


8 




4 


8 






the time tbe departure was 


9 


N.E. J E. 


4 




E.S.E. 


»j 


taken to the end of the day. 


10 




3 


8 








II 




3 


8 








12 




3 


4 









COUASES. 




DI8T. 


N. 


8. 


E. 


W. 


15 


9-6 




1 1-6 




30 


44 




297 




26 




3-8 


257 




23 




17*0 


15-4 




16 


3*1 




15-7 




23 


13*7 




185 




15 


11-6 




95 




7 




5* 




47 




42*4 


26*0 


126*1 


47 




26*0 




47 . 




16-4 


121*4 



Diff. lat. 16*4, and dop. 121*4, gi^^ course N. 82° E., dist. 123 miles (see page 77). 

Lat.lcft 37°3i'S. -Sm" 
Diff. lat. — 16 N. a 

Lat. in 37 15 8, M ^ 



2)74 46 
Kid. lat, 37 23 ^ 



98) 



Mid. lat. 37° as course, and dep. 121*4, in diff, lat. 
column, give diff. long, 152 in distance column. 
6,0)15,2 Long, left 178° 21' E. 

Diff. long. 2 32 E. 



2' 32' 



Long, in 180 53 E. 
360 o 



(D * 
3 «o 



Or, 179 7 W.^ 



1^ 



THE day's work. 



lOI 



H. 


Courses. 


kU 


Winds. 




Hemarks. &c. 


I 




xo 




i 


« 


E. by N. 


7 


2 


S.E. by S. 


A poiiit/rynemouthLiglit 


2 




7 


2 






in lutitudo 55° i' N., lonjji- 


3 




7 


4 






tudo 1° 25' W., bcjirinji: by 


4 




7 


2 






compass \V. by N. J N., dis- 


5 


!K.S.£i. 


6 ' 6 


South. 


i 


taiico 15 milMB. 


6 




6!5 








7 




6 l4 








8 




6 5 








9 


N.E. by E. 


5 


2 


S.E. by E, 


I 




lO 




.<> 


3 








II 




5 


3 






Variation 2J points West. 


12 




5 


2 








I 


S.S.E. 


5 
5 
5 




East. 


•i 




3 












4 




5 










5 


S.E. by S, 


-? 


8 


E. by N. 


2 




6 




3 


6 






A current sot by compass 


7 




3 


4 






S.SAV. J W., i8miloslrom 


8 




^ 


2 






the time the departure was 


9 


E.S.E. 


3 


4 


N.E. 


2i 


taken to the end of the day. 


lO 




3 


6 








II 




3 


5 








12 




3 


5 









Courses. 

N. 7}E 

N. 4I E 

N. 7IE 

N. i| E 

S. 3 E 

8. 3} E 

S. 6 E 

8. J W 



DiST. 


N. 


S. 


E. 


W. 


15 


22 




14*8 




29 


18-4 




22-4 




26 


3-8 




25'7 




21 


198 




7-1 




20 




i6-6 


ii'i 




14 




1 1 -2 


8-3 




14 




5 -4 


12*9 




18 




i8'o 




09 


■ 


44-2 


44*2 


I02*3 

09 


0-9 


TO 


101*4 



Diff. lat. 7*0, and dep. 101*4, givo (in Table II) course S. SS"* E., dist. 102 miles.* 



Lat. left 55'* i'N.^hh 
Diff. lat. — 78.^ 



Lat. in 54 54 N. 



Mi 



Sum 2)109 55 N. 



Mid. lat. 54 57 - 






02 



The mid. lat. 55" as course, and dep. 101-4, in diff. 
lat. column, give in tlio dist. column 177 miles, which 
is the diff. of long, (see Kule XXXV, page 86.) 

Long, loft 1025'W. ) > 
Piff. long. 2 57 E. (a 

O 00 



VO 



Long, in i 32 E. 



'5 ea 



• The course being above 5 points, the difference of longitude is found by Middle 
latitade method in preference to Mercator's, see Note (g), page 96. 



I02 



THE day's work. 



H. 


COURSEB. 


K 


I 

lO 


Winds. 


Leb- I 

WAY. ! 


Remarks, &c. 


I 


N.N.E. 


4 


5 


E. 


i 


A point in lat. 43° 47' N., 


2 




5 


5 






long. 7" 51' W., bearing by- 


3 




5 


6 






compass B.W. by B., dis- 


4 




4 


4 






tance 10 miles. 


5 


N.E. 


3 


6 


E.8.E. 


3. 

4 




6 




4 


4 








7 




5 










8 




5 










9 


£.o.£i. 


6 




S. 


2 




lO 




7 










II 




6 


4 






Variation 2J points West. 


12 




5 


6 








I 


W. 


5 




S.S.W. 


li 




2 




5 6 








3 




5 


4 








4 




6 










*» 


S.StJci. 


.<> 


6 


S.W. 


i 




6 




6 








A current set by compass 


7 




6 


4 






^. by W., 12 miles from the 


8 




7 








time the departure was taken 


9 


N.N.W. 


6 


5 


w. 


I 


to the end of the day. 


lO 




6 


4 








II 




6 


5 








12 




7 


2 









Courses. 

N. f E 

N. I W 

N. I E 

N.5fE 

N. 75 W 

S. 4I E 

N. 3} W 

N. 3I W 



1 

DiST. 


N. 


S. 


E. 


W. 


10 


99 




1-5 




20 


19-8 






2-9 


18 


177 




3 5 




25 


io*7 




22*6 




22 


32 






21-8 


25 




14-9 


20*1 




26-6 


21*4 






'5-9 


12 


9-6 






7*1 




923 


149 


477 


477 




149 




47'7 




77-4 


O'D 



Lat. left 43" 47' N. 
Diff. lat. I 17 N. 



TiHt. in 45 4 X. 



Long, left 7=*5i' W, 



Long, in 751 W. 



The Ea«t and West departures being of equal value they destroy one another, and 
the ship has made no departure ; she is under the same meridian as she sailed from, 
the course is due North, and the distance sailed is equal to the difference of latitude. 



THE day's work. 
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H. 


Courses. 


K 


I 


Winds, 


1 • 


Remarks. &c. 


I 
2 




8 


10 






' 


N.N,W. 


N.fi. 


I take my <lej)urture from 


^ 




8 


4 






an Island in lat. o** 15' 8., 


4 




7 


6 






long. 170° 44' E., bearing by 


5 


£j.S.£i. 


6 


2 


Ditto, 


'4 


compass N.E. J E., 2 1 miles. 


6 




5 


8 








7 




5 


4 








8 




5 


2 








9 




5 


4 








TO 


E. by N. 


3 


4 


N. by E, 


2 

1 




II 
12 




4 
4 


4 






Variation J point East. 


I 




5 


8 








2 




5 


4 








3 


N. by W. f W. 


5 


3 


N.E. 


«i 




4 




5 


7 








5 




6 










6 




7 








A current set by compass 


7 




6 








N, by E., 1 8 miles, from the 


8 


N.W. 


5 


6 


Ditto. 


iS 


time of taking the departure 


9 




5 


4 






till the end of the day. 


10 




5 


7 








II 




5 


3 








12 




5 











Coubbes. 



S. si W. 

N. 2- W. 
S. 3^ E. 
8. 6. ■ E. 
N. 21 • W. 
N.5 W. 
N. if E. . 



DiST. 



21 
24 
28 

23 

30 

27 
18 



N. 



21*7 



265 

150 

169 



8. 



IO-8 

207 

77 



E. 



i8-8 

217 

61 



801 
39* 



39* 



409 



466 



W. 



i8-o 
10-3 



141 

22*4 



648 
466 



i8-2 



Diffl lat, 40*9, and dep, 18*2, give course N, 24° W., dist, 45 miles. 



Lat. left o' 15' 8. 
Diff. lat. o 41 N. 

Lat, in o 26 N. 



Mer, parts 15 
Mer. parts 26 



Long, left 170* 44' E. 
Diff. long. — 18 W. 



41 Long, in 170 26 E, 



GoTirBe 24**, and mer. diff. lat 41, in diff. lat. column, give diff. long. 18*3, in dep. 
column. Or, since the lat. left and lat. in being of contrary names, the dep. itself 
may be taken as the diff long, (see (d), Kote, page 96.) 
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THE day's wore. 



H. 


Courses. 


K 


I 


Winds. 




Kemabks, &c. 


I 




6 


lO 




Hi ^ 
2} 




N.E. } E. 


N.N.W, 


A point of land, in lat. 


2 




6 


2 






47** 35' 8., long. I'j^^ 26' E., i 


3 




5 


6 






bearing by compass W.S.W. 


4 




6 


4 






distance 1 8 miles. 


5 


N.E, by E. i E. 


5 


7 


S.E. ^ E. 


2i 




6 




5 


8 








7 




5 


9 






* 


8 




5 


9 








9 


S.E. }E. 


5 


6 


N.E, by N. 


O 




lO 




5 


4 








II 




5 


3 






Variation 2i points East. 


12 




5 


2 








I 


South. 


4 


7 


E.S.E, 


2 




2 




4 


8 








3 




4 


9 








4 




4 


9 








5 


N,W. byW.JW. 


4 


2 


S.W. J w. 


ij 


A current set by compass 


6 




4 


3 






N.E. by E. f E., 36 J miles 


7 




4 


5 






from the time the departure 


8 




4 


6 






was taken to the end of the 


9 


N.W. J W. 


2 


6 


S. W. by W. i W. 


^i 


day. 


10 




2 


5 








II 




2 


4 




- 




12 




2 


3 









CorRSES. 

o. yx ■'~^' •• •• •• •* •* •• 

s. 7 E ; . . . . 

N.5iE 

S. 2* E 

N. i| W. 

North .,* 

East 



Dtst. 



18 
24*2 

23*3 

21*5 

19*3 
17*6 

9-8 
36*5 



N. 



II'O 

i6-8 
9-8 



37 '6 
376 



CO 



S. 



o'9 

4-7 

i9'o 
130 



376 



E. 



i8*o 
23*7 

20-6 
lO'I 



365 



io8'9 
19-4 



895 



W. 



14-3 
51 



194 



Course East. Distance 89*5 miles.* 



Lat. left 47° 35^ S. 
Lat. in 47 35 S. 



Lat. in 47 J° as course, and dep. 89^5, gives us 
132 miles diiOf, of long, (see Rule XXXlV, page 84.) 

Long, left 179° 26' E. 



• The sum of the northings and southings are both 37 -6, 
and being of contrary directions, show that the ship has 
returned to the same parallel of latitude which she sailed 
fi^om. The course is due Host, and the distance, 89*5, the 
same as the departure. 



Diff. long. 2 12 E. 



Long, in j8i 38 E. 
360 o 



Or, 178 22 W. 



THE day's WOSE. 
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H. 


Courses. 


K 


I 


Winds. 


w >2 


Remarks, &c. 


I 




3 


10 
5 




Hi If 




N.W.J W. 


N. by E. i E. 


A point, Cape Swaino, in 


2 




3 


6 






latitude 52° 15' N., longitude 


3 




3 


2 






1 2 8** 30' W, , bearingby com- 


4 


E. JS. 


4 




N.N.E. J E, 


2 


pass E. by N. ^ N., distance 


5 




4 


2 






16 miles. 


6 




4 


3 








7 




4 


5 








8 




4 


6 








9 


S, by E, } E. 


5 


2 


S.W. 


ii 




10 




5 










II 




5 


3 








12 




5 


6 








I 


W. by N. } N. 


3 


6 


Ditto. 


2i 


Variation 2J points East. 


2 




3 


4 








3 




3 


3 








4 




3 


4 








5 


S. JE. 


4 


6 


S.W. by W.J W. 


H 




6 




4 


7 








7 




5 










8 




5 


2 








9 


N.W, 


6 




w.s.w. 


1} 


A current sot by compass 


10 




5 


8 






E. by S. J S., 20 miles, from 


II 




5 


4 






the time the departure was 


12 

• 




5 


3 






taken to the end of the day. 



Courses. 



N. 7i W. 
N. 4 W. 
S. 3i E. 
8. 2 E. 
N. ij W. 
S. I E. 
N. I W. 
S. 4 E. 



DiST. 


N. 


S. 


E. 


W. 


16 


23 






15*8 


io*3 


7*3 






7-3 


21-6 




i6*7 


i3'7 




2I-I 




195 


81 




137 


13-3 






33 


i9'5 




i9'5 


I'O 




22*5 

20 


22-4 


14-1 


I4-I* 


2*2 




453 


698 
45'3 


36*9 
28-6 


286 


24-5 


8-3 



Diff. of lat. 24*5, and dep. 8*3, give course S. 19° E., and distance 26 miles.* 

Xat. left 52° 15' o" N. Mer. parts 3690 
Diff. lat. — 24 30 S. Mer. parts 3650 



liatin 51 50 30 N. 
2)104 5 



Mid, lat. 52 2 o * 

♦ The course being less than $6"*} the diff. of Diff, of long. 
long, may be found both by middle latitude and 

Mercator's methiod. Long, in 



The course S. 19' E., and mer, diff. 
lat. 40, in lat. column, gives dep. i3''7, 
which is the required diff. of long, (see 
40 Rule (g), page 96.) Or, mid. lat. 52"* 
as course, and dep. 8''3 (8*0 and 8-6) 
give diff. of long. 135' in dist. column 
(Rule XXXIV, page 84). 

Long. Capo Swaine 128** 30' W. 
""" "" 14 E. 



128 16 W. 
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THE day's work. 



H. 


Courses. 


K 


X 


Winds. 


1 ^' 


Hemarks, &c. 


I 




5 


lO 




If 




N. i W. 


4 


VV.byN. 


A point in lat. 54° 30' N., 


2 




5 


4 






long. 60" 0' W., bearing by 


3 




5 


3 






compass W, by N. J N., dis- 


4 




5 








tance 14 miles. 


5 


S.W. J s. 


2 


5 


Ditto. 


2* 




6 




2 


5 








7 




2 


7 








8 


N.N.E. J E. 


3 


6 


N.W. J N. 


4 




9 




3 


5 








lO 




3 


4 








II 




3 


7 








12 

I 


W. i N. 


3 
4 


8 

2 


N.N.W. 


2i 


Variation 3I points West, 


2 




4 


4 








3 




4 


5 








4 




4 


6 








5 


S. E. ^ E. 


6 


5 


S. by W. J W. 


i 




6 




6 


4 








7 




6 










8 




5 


8 








9 


S.JW. 


I 


4 


S.E. by E, 


3 


A current set by compass 


lO 




I 


3 






M.W.^ W., 225 miles, from 


II 




I 


3 






the time the departure was 


12 




I 








taken to the end of the day. 



Courses. 
N.5|E 

•1^ . 2 2' » • . •• tt •• •» •• 

S. 3 E 

N. li E 

S. 2J W 

N. 7I E 

S. |e 

S. 7 1 W^ 



DiST. 


N. 


S, 


E. 


W. 


14 


6-0 




127 




21*1 


i8'6 






lO'O 


11 




6-4 


4*3 




18 


ITS 




44 




17-7 




15-6 




8-3 


24-7 


3-6 




24-4 




5 




5-0 


0-2 




225 




I'l 




225 




45*7 


281 


46*0 


40-8 




28-1 




40-8 




17-6 


52 



Diff. lat. 1 7 '6, dep. 5*2, give course N, i6J*= 
Lat. left 54" 30' N. Mer. parts 3916 



Diff. lat. 



18 N. 



Lat. in 54 48 N. 



Mer. parts 3947 
31 



2)109 18 



iMld. lat. 54 39 

* Tlio f];(l'. of lonjr. mnj be found both 
by :niudlo l^tltado a,ud Morcator's method. 



E., distance 18 miles.* 

Course i6J°, and mer. diff. lat. 31, 
give in dep. column the diff. of long. 
9 miles : or mid. lat. as course and 
dep. 5 '2, in diff. lat. column give in 
dist, column 9', the diff. long. 
Long, left 60° o' W. 
Diff. long. 9 E. 

Long, in 59 51 W. 



H. 


COUBEES, 


K 


-k 


Winds. 


a 


Eekarkb, &c. '*^ 


1 

5 

9 


W. by N. 

w.aw. 

W.N.W. 

8,W. 
SW. by W. 

B. 


6 

e 
e 

6 

S 


J 

S 
5 
+ 

6 
6 

8 
6 

4 

i 
3 


E,S.E. 
S. 

s.w. 

W.N.W. 

N.W.byW. 

W.S.W. 


i 
'i 


A point, Lizard, in lafi- 
tnde 49° 58' N., longituilo 
5° 11' W., beniing byconi- 
pnaa N.E. by N., dialanco 
11 miles. 

Variation il points West. 

N.w'!fw.,''fi raUc™l^m 
the time the departiiro «iia 
takon to tho end of Uie day. 


H. 


CocasES. 


kLl 


Wli-DS. 


J fe 


12] 
Reuahics, &c. 


i 

5 

9 


N.N.W. 
E.S.E. 
E.by8. 

N.N.W. 
N, by W. i W. 


3 

4 
4 




N.E. 
Ditto. 
N.E. by N. 
K,E, 
Ditto. 
N.E. 4 N. 


-J 
'i 

■1 


A point in lat, ss' 4°' B., 
long. 179°S8'W., bearing 
by eampasa N.E., distance 
iSnules. 

Vaiiation i J point East. . 

A cnrrcnt act by canipnaa 
N.byE,,i8mii<»,fromtko 
timp llie depn r f uio wnsluken 
totIiocnaofU)edi.y. 



TBS BAY 8 VOKK. 



H. 


CUEBBES. 


K 


^ 


We™. 


ti 


fiBUAUJtSi &C. 




E. 
S.E. by E. 




I 

3 


8.S.B. 
B.byW. 


i 


A point, Flambro' Head, 
latitude 54° 7' N., loogiludo 
W J- W., bearine by com- 
pass N.W. by W., distance 
i7imleB. 




E.JB. 




J 


a. by E. IE. 


'i 






8, by W. 




1 


&B.byE. 


' 






B. 




6 
5 


E.BJ:. 


'i 


VariatuMi ij pointa West. 




S.E. by a 




4 

J 


E.byN. 


'i 






E,N.K 




1 


S.E. 


3l 


A tmirent set by composs 
N.N.E., 6 miles, from lio 
tdmcthadepQrtorewBBiiiicn 
to tlie end of tlie day. 
















H. 


COV-BMB. 


K 


^ 


"ffDniB. 


is 


Kesiabis, &c. 


J 

4 

1 


W.S.W. 

W. by N. 




6 
4 

5 
S 

5 


N-W. 
N. by W. 


1 


Apointi.lat.37=3'K., 
long. 9" W., bearing by 
compass E. by N. J N., dis- 
tance 14 mfles. 


i 


N.N,W. 




S 


N.E. 


1 




[J 


N. 






W.N.W. 


! 


Variation 1 poiola West. 




8.W. 




4 
6 


Ditto. 


■t 




;; 


W.byS. 




4 
4 


S.byW. 


■i 


N. byE., lomilea.from the 
timcthedeparturewas taken 
to liiucnii of the day. 



THE day's work. 
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H. 


COUUSES. 


K 


I 


Winds. - 


^A 


[6] 
Kemarks, &c. 








10. 
5 




^ If 




I 


N.N.W. i W. 


3 


N.E. 


A point in lat. 29® 59 N., 


2 




4 


I 






long, 32° 54' E. , bearing by 


3 




4 


3 






compass N.N.E, J E., dis- 


4 


Xj.S.S. 


2 


7 


Ditto, 


2 


tance 15 miles. 


5 




3 










6 




3 


2 








7 




4 










8 


S. f E, 


5 


6 


E.S.E. 


^t 




9 




5 


2 








10 




5 


5 








II 




4 


5 








12 




4 


6 








I 


N.E, J N. 


4 


7 


Dirto. 


li 


Variation 2J points West. 


2 




4 


2 








3 




4 


4 








4 




3 


7 








5 




3 


2 






' 


6 


W. JN, 


3 


5 


S.S,W. J w. 


li 




7 




4 


2 








8 




3 


6 








9 




3 


4 








10 


N. by E. 


8 


5 


E. by N. 


i 


A current set by compass 


II 




9 


3 






N.E., 3J miles an hour for 


12 




9 


2 






the last 6 hours. 



H. 


COUBSES. 


K 


I 


Winds. 




[6] 
Eemarks, &c. 


I 




3 


10 

2 




H-1 i? 




S,E, by E. 


S. byW. 


A point in lat, 62° 9' S., 


2 




3 


4 






long. 140"* 17' E., bearing by 


3 




2 


8 






compass S.S.W. J W., dis- 


4 


W. by S, 


4 


4 


Ditto. 


If 


tance 25 miles. 


5 




4 


5 








6 




4 


6 








7 


s.s.w. 


4 


3 


W, 


2 




8 




4 


3 








9 




4 


5 








10 


N,N,w: 


3 


4 


Ditto. 


2f 




II 




3 


4 








12 




3 


2 








I 




2 


8 






Variation 2J points East. 


2 


N.N,E. J E. 


2 


4 


E. 


3i 




3 




2 










4 




I 


8 








5 




I 


6 








6 


S,S.E. 


2 


4 


Ditto, 


3 




7 




2 


2 








8 




2 


4 








9 


E. 


I 


4 


N,N,E. 


3j 




10 




I 


4 






A current set by compass 


II 


N.W, 


I 


2 


Ditto. 


4 


i^- t W., 3 miles an hour 


12 




I 


2 






for 7 J hours. 



no 



THE day's work. 



H. 


COUBSES. 


K 


I 


Wdtds. 


(3 ,-«J 


KESiABKS, &C. 


I 




6 


10 

3 




h5 1? 

I 




W.N.W. 


s.w. 


A point, Butt of Lewis, in 


2 




6 


3 






latitude58° 29' N., longitude 


3 




6 


2 






6' 12' W., bearing by com- 


4 




6 


2 






pass S.E, by S., distance 15 


5 


S.W. by W. 


6 


2 


N.W. by W. 


'i 


miles. 


6 




5 


8 








7 




5 


6 








8 




5 


4 








9 


W. by N. 


5 


2 


N. by W. 


ij 




lO 




4 


8 








II 




4 


6 








12 




4 


4 








I 


N, by W. 


3 


2 


W. by N. 


2j 


Variation 2| points West, 


2 




2 


6 








3 




3 


2 








4 


W, by S. 


5 




N.W. by N, 


li 




5 




4 


6 








6 




4 


4 








7 




5 










8 


W.N.W. 


5 


3 


N. 


1} 




9 




5 


3 






A current set by compass 


lO 




5 


4 






E.S.E., Q miles, from the 
time the oeparturewas taken 


II 


N. 


6 


5 


W.N.W, 


i 


12 




6 


5 






to the end of the day. 



H. 
I 


Courses. 


K 

4 


I 
10 

5 


Winds. 




Hemahes, &c. 


S. JW. 


S.E. by E. 


A point, Cape Agulhus, 


2 




4 


3 






(So. Africa) in lat. 34° 50' S. 


3 


E.N.E. 


3 


8 


S.E. 


2f 


long. 20** i' E., bearing by 


4 




3 


6 






compass N. 5 W., distance 


5 




3 


6 






15 miles. 


6 


S.S.E. 


6 


2 


E. 


i 




7 




6 


3 








8 




6 


5 








9 


E.S.E. 


4 


2 


NE. 


i| 




10 




4 


3 






k 


11 




4 


.5 








12 


S,E. 


6 


8 


E.N.E. 


J 




I 




6 


6 






Variation 2| points West. 


2 




6 


4 








3 




6 


2 








4 


E.N.E. 


3 




N. 


2i 




5 




3 


2 








6 


N.W. by N. 


4 


8 


N.E. by N. 


I 




7 




5 










8 


S.E. J E. 


7 


4 


N.E. by E. 


1 


A current set by compass 


9 




7 


4 






W. by S., 2^ miles an hour 


10 




7 








from the time the departure 


II 


N.E. 


5 


6 


N.N.W. 


1 


was taken to the end of the 


12 




6 


5 






day. 



THE day's work. 



II I 



1 


Courses. 


K 
5 


I 

10 

3 


Winds. 


^ Lee- 
way. 


[0] 
Remarks, &c. 


S.W. 


VV.N.W. 


A point in lat. o"* 39' S., 


2 




5 


4 






long. 0° 57' E., bearing hy 


3 


W.N.W. 


4 


4 


S.W. 


'} 


compass N.E. by E. ^ E., 


4 




4 


3 






distance 17 miles. 


5 


W. by S. 


8 


2 


S. by W, 


i 




6 




8 


3 








7 




9 


4 




i 




8 




9 


4 








9 


S.E. by S. 


5 


6 


S.W. by S, 


i 


• 


lO 




5 


4 








II 




5 










12 
I 


S.W. by W. 


4 
4 


4 
3 


S. by E. 


ij 


Variation i J point West, 


2 


E, by S. 


4 


2 


Ditto. 


■i 




3 




4 


4 








4 


S.S.W. i W. 


3 


6 


S.E. J S. 


4 




5 




3 


4 








6 




4 










7 


S.W. 


4 


5 


S.S.E. 


I* 




8 




4 


.6 








9 


S. by E. 


3 


2 


S.W. by W. 


li- 


A current set by compass 


lO 




3 


4 


^ 




S.W. J W., 35 miles, from 


11 


S.W. J S. 


3 


2 


W. by N. J N. 


2 


the time the departure was 


12 




3 


5 






taken to the end of the day. 



H. 


Courses. 


K 


I 


Winds, 


1 . • 

w >; 


Kemarks, &c. 


I 




8 


10 

2 




H^l ^ 




E. 


S.S.E. 


i 


Apoint, Cape East, in lat. 


2 




7 


8 






37° 42' S., long. 178*40' E., 


3 




7 


5 






bearing by compass W. J S., 


4 




7 


4 






distance 13 miles. 


5 


S. 


5 


2 


E.S.E. 


i 




6 




5 


3 








7 


N.N.E. 


4 


8 


E. 


li 




8 




4 


6 








9 




5 










10 


S.E. ^ E. 


4 


2 


N.E. by E. J E. 


2 




II 




4 










12 
I 


E.S.E. 


3 

5 


8 

2 


N,E. 


I 


Variation ij point East. 


2 




5 


4 








3 




5 


5 








4 


KbyN.JN. 


4 


4 


N. by E. 


^i 




5 




4 










6 


Ditto. 


4 


6 


Ditto. 


if 




7 


E. 


7 


5 


N.N.E. 


J 




8 




7 


4 








9 




7 


3 






A current set by compass 


10 


E. JK 


6 


7 


S.E. by S. 


J 


E. by N. 1 N., 48 miles, from 


11 




6 


5 






the time the departure was 


12 


, 


6 


4 






taken to the end of the day. 



I 12 



THE day's work. 



H. 


Courses. 


K 


I 


Winds. 




[11] 

Bemabks, &c. 


I 




6 


10 

5 








vv.s.w. 


S. 


A point, Isle of Mas ^ 


2 




6 


5 






Fuera, in lat. 33° 49' S., 


3 




6 


4 






long. 80° 54' W., bearing by 


4 


W.N.W. 


7 


4 


S.W. 


i 


compass S.E. by E. | 'K, 


5 




7 


6 






distance 19 miles. 


6 




7 


7 








7 


S.S.W. 


6 


5 


w. 


i 




8 




6 


4 


, 






9 


• 


6 


5 








lO 




6 


3 








II 


s.w. 


5 


3 


W.N.W. 


I 




12 




5 


4 


• 






I 




5 


2 






Variation 15° East. 


2 


w.s.w. 


4 


5 


N.W. 


•i 




3 




4 


4 








4 


s.w. by S. 


6 


3 


W. by N. 


J 


t 


5 




6 


4 








6 




6 


2 








7 


S. f E. 


3 


2 


S.W. by W. 


2h 




8 




2 


8 








9 


W, by N. 


4 


2 


S.W. by S. 


'f 


A current set by compass 


lO 




3 


6 






S.W. 1 W., 24 miles, from 


II 




3 


6 






the time the departure was 


12 


W. by S. i S. 


7 


3 


S. JW. 


1 
S 


taken to the end of the day. 



H. 


Courses. 


K 


I 


Winds. 


1 . • 

pq >3 


[12] 
Eemarks, &c. 


I 




4 


10 
5 




I 




W.S.W. 


S. 


A point in lat. 25' 39' S., 


2 




4 


3 






long. 45° 7' E., bearing by 


3 




3 






^J 


compass N.W. by W. J W., 


4 




2 


8 






distance 1 3 miles. 


5 


S.S.W. 


2 


6 


S.E, 


2j 




6 




2 


4 








7 




2 






*! 




8 


S. 


4 




E.S.E. 


i| 




9 




4 


2 








10 


S.S.E* 


5 


5 


E. 






II 




5 


4 








12 




5 


I 








I 
2 


N.N.E. 


5 

4 


8 


Ditto, 


'1 


Variation 24° West. 


3 




3 






^i 




4 




2 


3 




3 




5 
6 

7 


(upN.E.byN.) 
joffN.by E. I 






E. by 8. 


6 




8 

9 
10 


( up S. by E. ) 
1 off S. by W. j 






Ditto. 


6 




II 


S. by E. 


2 




Ditto. 


4 


Allow I J miles an hour 


12 




2 


3 




3J 


for drift while hove-to, 

1* 



"3 

PKELIMINAEY ETJLES IN NAUTICAL 

ASTEONOMY. 



CIVIL DAY ANDASTEONOMICAL DAY. 

The civil day begins at midniglit, and ends the following midnight, the 
interval being divided into twice twelve hours : the first twelve hourSy 
which are before noon, are denoted by a.m. (ante meridiem J : the latter 
BfQ afternoon, and styled p.m. fpost meridiem,) 

The astronomical (?flry begins at noon, and ends the following noon, and 
is later than the civil day by twelve hours. The hours are reckoned 
throughout, or continuously from o^ to 24^. The distinction of a.m. 
and P.M. is not recognised in astronomical time. 

Given civil time at ship to reduce it to astronomical time. 

EULE xxxrx. 

1°. If the civil time at ship he p.m., it wilj also he astronomical iime^ 
v,TiiL. heing omitted. 

2^. If the civil time at ship he a.m., add twelve to the hows, and put the 
day one hack. 

Examples. 

Ex. I. Octo"bpr 7tli, at 3^ 20™ p.m., civil time, is October 7th, at 3^ 20™ astro- 
nomical time. 

Ex. 2. October 7th, at 3^ 20" a.m., civil date, is October 6'* 15'* 20™ astronomical 
date ; since 7** less i* is 6**, and 12^ added to 3^ 20'" is 15^ 20'», 

Ex. 3, January 31st, at 7*> 20"^ p.m., civil time, is January 31st, at 7** 20™ astro- 
jiomical time. 

Ex. 4. February 1st, at 6^' 1 8™ a.m., civil date, is January 31^ igh igm astronomical 
date; since February i"*, diminished by i"*, gives January 31'*, and 12^ added to 
6^ 18™ is 18^ 18". 

Ex, 5. Wliat is the astronomical date corresponding to 1 866, January ist, 8^ a.m. P 
The corresponding astronomical date is 1865, December 31* 2o\ In this case the 
year is diminished by i, since in diminishing the day of the month by i, the reckoning 
throws us back into the last month of the previous year, t,^., the day before January 
ist 1866, also 12^ added to 8^ is 20^, 



ti4 



ON iiONarrxTDE and time. 



Examples fob Peactioe. 



Express the following civil dates in astronomical time:— 



12 

28 



J. Jan. 2nd, 4^ 38" 9» A.M. 

a. Feb. 27tli, 8 

3. Ang. 14th, 6 

4. April ist, 7 

5. June 4tli, 4 

6. Sept. ist, 8 



O P.M. 

40 P.M. 

19 A.M. 

3 A.M. 

10 52 A.M. 



54 

18 



7. Dec. 31st, 6^ 18™ 34" P.M. 

8. • July ist, 8 3 24 P.M. 

9. July ist, II 30 10 A.M. 

10. ^ 'Oct. ist, O 10 12 P.M. 

11, '1865, Jan. ist, 8 9 50 A.M. 

12, 1866, Jan. ist, o 44 12 A.M. 



LONGITUDE IN AEO AND LONGITUDE IN TIME. 

The earth rotates uniformly on her axis once in twenty-four hours, and 
tiius every spot on her surface describes a complete circle, or 360°, in 
that space of time : hence the longitude of any place is proportional to 
tiie time the earth takes to revolve through, the angle between the first 
meridian and the meridian of the place, and thus the longitude of a 
place may be expressed either in arc or in time.* Longitude in arc and 
longitude in time are easily convertible, for since 360° is equivalent to 
2^ (360 -r 24 = 15°), 15® is equivalent to i^, i® to 4", and i' to 4" ; and 
the following rules are sufficiently clear. 

TO CONVERT AEO (OE LONGITUDE) INTO TIME. 

EULE XL. 

Multiply the given longitude hy 4, this turns the degrees (°) into minutes ("") 
of time, minutes (') into seconds (") 0/ time, and the seconds (") into thirds (*)f 
of time. 

Examples. 



Ex. I. Convert 12° 18' 15* into time. 

i2'> 18' 15* 
4 



4901 13» ot 



Ex. 2, Convert 25° 15' 16* into time. 

25' 15' ^6' 
4 



6,0)10,1 I 4 



ih 41m jB 4t 



. • In reckoning by arc, each degree is divided into sixty minutes, and each minute 
into sixty seconds. In reckoning by time, each hour is also divided into sixty 
minutes, and each minute into sixty seconds. But a distinct notation for each of 
these has been adopted, degrees, minutes, . and seconds, being represented by ° ' ', 
and hours^ minutes, and seconds, by ^ ™ • ; and care should be observed not to na© 
the same marks for both, great confusion arising from so doing. 

t A third is the name ^ven to the sixtieth |)art of a second* 



ON LONGITTJDB AlTD TIME. 



IIS 



Ex. 3. Turn 77° 2' 10* into time, 

10' 
4 



77* 2' 10* 



6,0)30,8 8 40 

^h gm gs 4ot 

Ex. 5. What time is equivalent to 
i5"47' 55' ? 

15° 47' 55' 
4 



Ex. 4. What time corresponds to 
1270 32' 40' P 

1270 32' 40* 



6,0)51,0 10 40 



6,0)6,3 II 40 



gh ^Qta io» 4ot 

Ex. 6. Convert 144° 36' 45* into time, 
144° 36' 45* 



6,0)57,8 27 o 



oh jgm 27> ot 



Examples for Practice. 
Reduce tlie following arcs into time : — 



I. 


i8'54' 


7- 


1 20 40' 45* 


13- 


1 37** 27' 


19. 


96^ 10' 45' 


2. 


67 42 


8, 


76 20 30 


14. 


I 25 


20. 


140 32 10 


3- 


586 


9- 


49 4 20 


15. 


26-8 


21, 


14 2 30 


4. 


9 14 


10. 


163 2 48 


16. 


37-4 


22. 


2 18 12 


5* 


108 37 


II. 


10 27 14 


17. 


2 29 


23' 


84 42 30 


6, 


1 35 


12. 


51 10 12 


18. 


156 52 


24. 


178 49 45 



TO CONVEET TIME INTO LONGITUDE. 

BULE XLI. 

lUdTjLce the hours and minutes into minutes, and divide all hy 4, and the 
qitotient will he the degrees, minutes, Sfc, of the corresponding longitude. . 

m Examples. 



Ex. I. Turn i^ 5" 128 into arc. 


Ex. 2. Eeduce 6^ 24™ 43" into arc. 


jh ^m ,2S 
60 


6h 24™43'» 
60 


4)65 12 


4)384 43 


i6«i8' 0" 


96° 10' 45" 


Ex. 3. What arc corresponds to 
0^ 47" 36' P 


Ex, 4. What is the equivalent arc 
to 9^ 25" 37« ? 


4)0^ 47" 36* 


9^ 25» 37* 
60 


"54 


4)565 37 


» 


141° 24 15" 



Il6 ON OBEENWIOH DATE. 



Ex. 5. Convert 8J» i7» 35*'5 • into arc 



Ex, 6. Convert 1 1^ 39"^ 5o''7 into arc. 



gh i^m 3^8.^ 
60 


60 

* 


5o"7 








4)497 35 30 


4)699 50 42 




1*4'* 23' 52"-5 


174° 57' 


4o"-5 








ExAMPLTia FOR f^RAOTIOE. 










Convert the following times into i 


arc: — 






• 




1. I** 13™ 52" 6. 9^ 49°» 388 

2. 3 52 4 7. 34 582 

3. 42 12 8. I 41 1*6 

4. II 15 21 9. 3 4 28 

5. 2 7 19 10. 8 17 6 


11. o*» 21" 3o"9 

12. II 41 606 
13- 3 52 

14, 9 56 

15. 52 


16. 

17- 
18. 

19. 

20. 


0^ 

5 
II 




20'» 

36 



59 

I 


41" 

56 

5' 

57 

52 



To find the Qreenwich date, the time at any other place and th^ 
longitude being given. 

EULE XLH. 

1°. Express the ship time astronomically (Rule XXXlX, page 113). 

2°. Convert the longitude into time (Rule XL, page 114). 

3°. In West longitude. — ^Add longitude in time to ship time — the sum if 
less than 24 hows, is the corresponding Greenwich date on the same day with 
the ship date; t/ greater than 24 hours, reject the 24 hou/rs, and put the day 
WM forward. 

4°. In East longitude. — From ship astronomical time subtract longi- 
tude in tin^f if Iobb than the hours, minutes, Sfc, of ship date — the remainder 
is the corresponding Qreenwich date in the same day as the ship date ; if 
the longitude in time he greater than the hours, minutes, 8fc,, of ship astro- 
nomicalf add 24 ihours to the latter, and put the day one hack before the 
Bttbtraction is made. 

5°. When it is noon at the place. — The longitude in time, if west, is 
the Greenwich date (apparent time J ; hut if east, stjbtbaot the longitude in 
time from 24 hours, the remainder is the Greenwich date (apparent time J 
after noon of the preceding day. 

Examples. 

Ex. 1. Novem'ber 9th, at 4^ 10™ p.m. apparent time at ship, longitude 32** 45' W. ; 

required the corresponding time at Greenwich, or the Greenwich date. 

Ship date (A.T.) Nov. 9* 4^ io°» Longitude 32' 45' 

Long, intmie -|- 2 ir 4 

Greenmch date 9 6 21 6,0)13,1 o 

2^ iim o» 



• TentJia of seconds multiplied by six, give thirds^ 



ON GBEENWICn DATE. 



117 



Ex. 2, June 5th, at 7** 15" a.m., app. 
time at ship, long. 140' 30' E. ; find cor- 
responding Greenwich date. 

Ship date (A.T.) June 
Longitude in time 

Green, date (A.T.) June 



4^ 19^*15™ 
— 9 22 

4 9 53 



"R. 



£ix. 4. April 27th, at 5'» 35"* 45^ a.m., 
app. time at ship, long. 122° 13' W. ; 
what is corresponding Greenwich date ? 

Ship date (A.T.) April 26^ i7^35"'45«. 
Longitude 122° 13' W. + 8 8 52 

26 25 44 37 
— 24 



Green, date (A.T.) April 27 i 44 37 



Ex. 3. Jaruary 3rd, at 8^ 12™ p.m., 
meantime at sliip, long. 50° 45' E.: find 
Greenwich diite. 

Sliip date (M.T.) January 3^ 8^12'" 
Longitude in time — ■ 3 23 

Green, date (M.T.) Jan. 3 4 49 

Ex. 5. July 20th, at 3^* 35'" 7" 1».m., 
mean time at ship, long. 85° 24' E. ; find 
corresponding Greenwich date. 

Ship date (M.T.) July 20^ 3''35'" 7* 

+ 24 

or 19 27 35 7 
Longitude 85° 24' E. — 5 41 36 



Green, date (M.T.) July 19 21 53 31 



In example 4, the added longitude changes the day of the month ; and in example 
5, also, a day (or 24 hours) is borrowed before the subtraction is made, since the 
longitude in time exceeds the astronomical ship date. 



Ex. 6. 1866, January ist, 3^ 40°* 20* 
P.M., mean time at ship, long. 95° 7' E. ; 
find the Greenwich date. 

Ship date (M.T,) 1866, Jan. i* 3h4om2QS 
Longitude 95* 7' E. — 6 20 28 

Green, date (MT) 1865, Dec. 31 21 19 52 

Ex. 8. 1865, June 12th, 6^ 40" a.m., 
app. time at ship, long. "42° 16' W. ; find 
the Greenwich date. 

Ship date (A.T.) June ii^ 18^40^ o^ 
Longitude 42° 16' W. + 2 49 4 

Green, date (A. T.) June 11 21 29 4 



Ex. 7. 1865, January ist, 9^' i™a.m., 
mean time at ship, long. 107"* 4' W. ; 
find the Greenwich date. 

Ship date (M.T.) 1864, Dec. ^i^ii^i^ o^ 
Longitude 107° 4' W. + 7 8 16 

Green, date (M.T.) 1865, Jan. i 4 9 16 

Ex, 9, 1 865, October ist, long. 2° W., 
the sun on meridian; required Green- 
wich date (app. time). 

Ship date (A.T.) October i^ o^ o™ 
Longitude 2° W. +8 



Green, date (A.T.) October 



8 



Ex. I o. Required the Greenwich date 
when the sun is on the meridian of a place 
in long. 80* 44' E,, on January 1 2th. 

The sun being on the meridian, it is 
apparent noon ; hence — 

Ship date (A.T.) Jan. 12^ o^ o™ 0' 
Longitude 80° 44' E. — 5 22 $6 

Green, date (A. T.) Jan. 11 18 37 4 



Ex. II. What is the Greenwich date 
when the sun is on the meridian of a 
place in long. 155° 19' W., on March 
31st? 

Ship date (A.T.) MarcK 31^ o^ o^ 0' 
Long. 155° 19' W. + 10 21 16 

Green, date (A.T) March 31 10 21 16 



In example 10, the hours, &c., of longitude to be subtracted are to be taken from a 
borrowed day, thus making the day of the month at Greenwich one less than at the 
place. See Eole XLH, 5^, page 116. 
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Ex. 12. 1865, February ist, long. 
135° E. ; find the Greenwich date when 
the sun is on the meridian. 

Ship date (A.T.) February- 
Longitude 135° E. 



— 9 



o 



Green, date (A.T.) January 3 1 15 o 



Ex. 13. 1 866, January rst, the ship in 
long, 160° 30' E. ; required the Greenwich 
date when the sun is on the meridian. 

Ship date (A.T.) 1866, Jan. i^ o^ o« 
Longitude 160° 30' E. — 10 42 

Green, date (A.T) 1 865, Dec. 31 13 18 



Examples foe Practice. 



Eequired the Greenwich date in eacli of the following examples : — 



I. 1865, January 6th, 



2. 




February 13th, 


3- 




February ist, 


4- 




March 15th, 


5. 




April nth, 


6. 




May 15th, 


7- 




June ist, 


8. 




November ist, 


9- 




December ist. 


10. 




July ist. 


II. 




August, 


12. 




September ist 


'3' 




December 28th, 


14. 




July 8th, 


15. 




February ist. 


16. 




June ist, 


n* 




IVTarch 2nd, 


18. 


»» 


September ist. 


19. 


»> 


November ist. 



at 3^ 
at 8 
at 5 
at 9 
at I 
at 8 
at 6 
at 5 
at 8 
at 4 
at 6 
at 8 
at 2 
at o 



40°* 168 P.M., 



40 

10 

16 

40 

38 

14 
o 

o 

o 

31 
29 

42 

4 



o 
35 



20. 1866, January ist. 



at Noon, 
at Noon, 
at Noon, 
at Noon, 
at Noon, 
at Noon, 



3 A,M. 
50 A,M. 
22 P.M. 
A.M. 
A.M. 
10 A.M. 
10 P.M. 
5 A.M. 

33 I'M. 
32 P.M. 
I A.M. 
10 P.M. 
36 A.M. 



apparent time, long. SG' 56' o" W. 

apparent time, long. 21 4 o W. 

mean time, long, 145 20 30 E. 

apparent time, long. 17 4 o E. 

apparent time, long. 47 28 45 E. 

apparent time, long.' 141 51 15 W, 

mean time, long. 50 12 o W. 

mean time, long. 1 14 30 o E. 

mean time, long. 158 10 o W. 

apparent time, long. 170 $5 '5 E. 

apparent time, long. 100 17 30 E. 

mean time, long. 148 47 30 W. 

mean time, long. 50 40 o E. 

apparent time, long. 178 51 o W. 

apparent time, long. 153 40 o E. 

apparent time, long. 83 50 o E, 

apparent time, long, i 25 o "W"» 

apparent time, long. 8 20 o E. 

apparent time, long. 66 5 o E, 

apparent time, long, 149 10 o E. 



EEDUCTION OF ELEMENTS FROM NAUTICAL 

ALMANAC. 



The Nautical Almanac contains the right ascension, declination, &c., of 
the principal heavenly todies for certain fixed times at Greenwich ; the 
right ascension and declination of the sun and planets, for example, 
being given for every day at noon (o^ o"" o*), while for the moon these 
elements are given for every hour. At a place under any other meridian 
than that of Greenwich, or at any other time of the day than that for 
which any quantity is given, it is requisite to apply a correction to that 
taken from the Almanac^ in order to reduce it to its value at the given 
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instant. For this purpose we may either apply the common rules of 
proportion, or, which is in general the simplest method, make use of 
certain tables computed for the purpose, called tables of proportional 
logarithms. 

TO EEDUCE SUN'S DECLINATION. 
First Method — By proportional logarithms. 

EULE XTiTTT. 

1° Get a Greenwich date ly means of ship time, expressed astronomically ^ 
and longitude (see Eule XLII, page 1 1 6), or hy means of chronometer. 

2". Take out of the Nautical Almanac the declination for the noon at 
Chreenwich, and that following it, 

(a) When Greenwich date is given in apparent time, "use Page I of the month, 
but lor mean time, use Page II of the month. 

{b) The tenths of seconds (*) of declination may be rejected when less than five, 
but caU them 1" when they amount to five, or above — thus ^2""] would bo 43". 

3®. When the declinations are of like names, take their difference ; hut 
when of different names, take the sum : this is the daily variation of decli^ 
nation, 

(a) When the declination is increasing, place the sign of addition (+) 
lefore the daily variation ; hut when the declination is decreasing, place the 
sign of subtraction ( — ) lefore it, 

4®. Under the daily variation place the hours and minutes of Greenwich 
time, and take from the table (Table XXI A, Eaper, or XXXm, Norie) 
log. of change of declination in 24 hours, and log, of hours and minutes of 
Greenwich time ; the sum of these logs, found in the table will give the pro- 
portional part of daily change of declination, 

(a) "When the seconds of time (in Greenwich date) are less than 30^, they may be 
rejected ; but if above 30", increase the minutes of time by i™ j thus, Greenwich time 
2^ 35" 40" would, in using the tables, be called 2^ 36^ 



>m 



(b) In lusing Table XXI A, Eaper, or Norie XXXIII, minutes f ) of declination, 
and hours of time C^J, are found at the top of the columns ; seconds () of declination, 
and minutes (>") of tune, at the side columns. 

5°. Apply the proportional part to the declinatioyi at the first noon, adding 
when the declination is increasing; but subtracting when the declination is 
decreasi&g ) the result is the declination at tbe time req^uired. 
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(a) J7 t^ proportional party wjien subtracted, exeee^ the declination 
itself J subtract the declination from the proportional part ; the remainder 
w the declination of the contrary name. 

In March when the decimation changes from South to North, and in Septemher 
when it changes from North to South, if the correction, by being subtractive, exceeds 
the declination, subtract the declination from the correction, and call the remainder 
N. in March, but S. in September. See examples, 3 and 6. 

Second Method — ^By tbe hourly difference. 

EULE XLIV. 

I®. Find a Greenwich date, as lefore, 

2°. TaTce out of Nautical Almanac the declination at noon of Green- 
wich date J and a little to the right place the ^^ difference for i hour, ''^ found in 
page i, iV.-4.* 

3°. Multiply this last quantity hy the hours and fractional parts of an 
hou/r of Greenwich date ; the product, reduced to minutes and seconds, is the 
change of declination in the time from noon, 

4°. Apply this change to declination at noon, adding it when declination 
is increasing, hut subtracting it when declination is decreasing; tbe 
result is the declination sought. 

* In the Nautical Almanac for 1863 and following years, the quantities given in 
the colimm marked "Diflf. for i hour," are not the i-24th part of the daily variation 
as heretofore, but the hourly change which the decUnatian is undergoing at the time of aun^a 
transit, and is obtained by dividing the change of the declination (Page I) between 
the day before and the day after the given day by 48. In order, therefore, to the 
accurate determination of the declination at any given time (including, of course, the 
second difference), the " Diff. for i hour '* must be reduced to a time midway between 
that for which the declination is given and that for which it is required, that is, for 
the middle time between noon of the given day, and the given time on that day. 

Example. — Greenwich date, January 25*^ 8'*, the middle time between noon 25th 
and 25^^ 81' is 2$^ 4^. 

Having found middle time, take out of Nautical Almanac the hpurly difference for 
noon of given day and hourly difference for next day, take the difference of them, 
which is daily change of hourly difference, and take proportionate parts of this change 
for middle time, which apply to hourly difference at noon of given day, adding when 
hourly differencois increasing, and subtracting when decreasing. By using the hourly 
difference as heretofore, a not inconsiderable error may arise (sometimes amounting 
to 12"). It is surprising that no explanation has been given in the Nautical Almanac 
as to the above now plan for hourly differences, which is a very ingenious method for 
finding the declination as correct as by using second differences ; yet nautical men 
will not, it is presumed, trouble themselves by proportioning for hourly differences. 
The better plan would be to proceed according to the preceding rule (Rule XLITH, 
using Noiie's Table XXXIII, or Eaper's -XXI A ; and it is to be hoped that this 
method will be adopted at the examinations by the Marine Boards, The same 
remarks apply to the equation of time and to the sun's right ascension. 
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Examples. 

Ex. I. 1865, January 13th, at 3^ 54™ 16^ p.m., app. time at ship, long. 30° 4' E. ; 
find the sun's declination. 



Ship date (A. T.) January 13'! 3^54^^168 
Iiongitude 30® 4' E, — 2016 

Green, date (A.T.) January 13 i 54 o 



Docl. app. noon, page I, N.A, 
13th, ^ 21° 25' 28* S. 
14th, * 21 14 53 S. 



Longitude 30° 4' 

4 



Daily var. 
Green, time 



10 35 



log. 3556 
log. I -1015 



Correction — 50 

21 25 28 S. 



log. 1-4571 



Ked. decl. 21 24 38 S. 



The correction 50", is subtracted fi-om 
declination at noon, because the decli- 
nation is decreasing. 

The middle time between 13 days at 
noon, and 13** i^^ 54™ is 13*^ 1^ nearly. 



Ex. 2. 1 865, May 21st, at 7^' 50"^ a.m., 
mean time at ship, long. 149° 30' E. ; re- 
quired the sun's declination. 

Ship date (M.T.) May 20'^ 19^50™ 
Longitude 149° 30' E, — 9 58 

Green, date (M.T.) May 20 9 52 

Decl., page IL, NA. 
20th, 20° 2' 28' N. 
2ist, 20 14 44 N". 

Daily var. 12 16 log. 2915 
Green, time 9^52™ log, 3860 



Correction +53 log, 6775 
20th, noon 20 2 26 N. 

Red. decl. 20 7 29 N. 

The correction 5' 3" is added to the 
declination at noon, because the declina- 
tion is incrcaswf/. 



6,0)12,0 16 
2 o 16 



H. dilT. 13th, noon 25"*94 
i4tli, noon 26 -97 

Change in 24^' + i '03 



Chan;»o in i^> 



+ -04 



II. diit'. 13th, noon 25*94 

IL dllF. at ii' 25-98 
ii'54"» = 1-9 

23382 
2598 



Correction 49*362 or 49* 

Docl. 13th, noon 21° 25' 28" S. 
Correction — 49 



Reduced decl. 21 24 39 

Ex. 3. 1865, March 21st, 3^ 10™ 12" 
p,M., app. time at ship, long. i75°48'E. ; 
required the sun's declination. 

Ship date (A.T.) Mar. 2i<i 3hio™i2« 

or 20 27 10 12 
Longitude 175° 48' E. — 11 43 12 



Green, date (AT) Mar. 20 15 27 



20th, 

2ist, 



0° i'56-3"S. 
o 21 44*8 N. 



Daily var. 23 41 N. log. 0058 
Green, time 15^27'^ log. 1913 



Correction 15 15 N. log. 1971 
20th, noon o I 56 S. 

Red. decl. o 13 19 N. 

The S. decl. is decreasing, and must de- 
crease to o before N. decl. commences; the 
correction being suhtractive (on account 
of the first decl. decreasing) and greater 
than the decl., the decl. is subtracted 
from the correction and the remainder, 
which is named N., is the red. decl. 



R 
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Ex. 4. 1865, Feb. iith, 8^ 54" 47' 
P.M., app. time at ship, long. 1 1* 4' "W. ; 
required the sun's declination. 

Ship date (A.T.) Feb. ii* 8*'54"47'' 
liOngitude ii°4"W. + 44 16 

Gh:een.date(A.T)Feb. 11 9 39 3 

Decl., page I, N.A. 
nth, 1 30 54' 27* S. 
i2th, 13 34 31 S. 



Daily var. 
Green, time 



19 56 
9^39" 



log. 0806 



loff. 3957 



Correction — 81 
nth, noon 13 54 27 S. 



log. 4763 



Bed. ded. 13 46 26 S. 

1865, Sept. 23rd, at app. noon, 
45 E.; required the sun's 

I. 

Green, date (A.T.) Sept. 22* 16^45™ 



Ex. 6. 

long. las'* 
dedination. 



s 



Ded., i>age I, K.A. 
22nd, o'* 12' 47* N. 
23rd, o 10 37 S. 

Daily var. 23 24 S. log. one 
Gtreen. time 1 6*^45™ log. 1562 

Correction 16 20 S. log. 1672 
22nd, noon o 12 47 K. 

Bed. decl. o 3 33 S. 



Ex. 5, 1865, July 31st, 8h 45» 30* 
A.M., mean time at ship, long. 65'* 7' W. ; 
required sun's declination. 

Ship date (M.T.) July 30^1 20^45™3o» 
Longitude 65® 7' W. + 4 20 28 

Green, date (M.T) July 3 1 i 5 58 

Decl., page 11, NA. 
31st, i8''i3'i8*N. 
32nd, 17 58 16 N. 

Daily var. 15 2 
Green, time i^ 6"» 



Correction — o 41 log. '2031 
31st, noon 18 13 18 N. log. 1-3388 



Red. decl. 18 12 37N.log. 1*5419 

Ex. 7. 1 865, September loth, the sun 
on the meridian, long. 100® 35' E. ; re- 
quired the sun's declination. 

Ship date (A.T.) Sept. ic* o^ o™ o« 
Longitude 100" 35' E. — ^ 6 42 20 

Green, date (A.T.) Sept. 9 17 17 40 

Decl., page I, N.A. 
9th, 5''i3'27*N. 
loth, 4 50 42 N. 



Daily var. 22 45 log. 0232 

Green, time 17^18" log. 1422 

Correction — 16 24 log. 1654 
9th, noon 5 13 27 N. 



Red, decl. 4 57 3 N. 

Degree of dependence. — The sun's declination changes nearly i' an hour, or i" in i", 
in March and September ; hence to ensure it to i* in the extreme case, the Greenwich 
date must be true to 1°^. 

Examples for Practice. 

In eacL. of the following examples it is required to find the sun's 
declination when the sun is on the meridian (at apparent noon) : — 



I. 1865, Jan. 19th, 
Feb. 1 6th, 
April 2nd, 
Mar. 2ist, 
May 8th, 
June ist, 
Jime 2ist, 



2. 




3. 




4* 




l\ 




7. 
8t 





long. 86'57'W. 9. 

long. 72 59 E, 10. 

long, 50 56 W, II, 

long. 168 3 E, 12. 

long, 10 35 W. 13. 

long. 83 50 E. 14. 

long. 167 15 E. 15. 

Mar. 20th, long. 129 o W. 16. 



1865, July 28th, long. 2° o'W. 
„ Aug. 19th, long. 82 30 W. 

Sept, 22nd, long, 156 o W. 

Oct. ist, long. 170 58 E. 

Nov. 30th, long. 12 54 W, 

Dec. 22nd, long. 179 52 E. 

1866, Jan. ist, long. 156 48 E. 
„ Sept. 23rd, long. 174 15 E. 



» 



yy 



a 



>f 



I?. 

1 8, 




19. 


w 


20, 


» 


21, 


)> 


22. 


w 


23- 


>f 


24. 


fi 


25- 
26. 




27. 
28, 




29. 


»t 


30. 


» 
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Required tlie sun's declination in each of the following examples : — 

1865, January 5th, 6t»23™32» a.m. app, time at ship long, 108° 7' "W. 

February 2n(i, 390 p.m. app. time at ship long. 52 45 "W. 

March 31st, 6 212 p.m. app. time at siiip long. 156 3 E. 

March 26th, 7 8 22 a.m. mean time at slup long. 72 47 E. 

April 15th, 7 28 o A.M. app. time at ship long. 85 30 E. 

May 1 6th, 9 17 20 a.m. mean time at ship long. 45 40 W. 

Apnl 29th, 2 26 52 P.M. mean time at ship long, no 57 W, 

May 15th, 5 8 19 a.m. app. time at ship long. 17 58 "W. 

June loth, 8 45 o p.m. app. time at ship long. 129 30 E. 

November ist, 10 20 16 a.m. mean time at ship long. 11 17 E. 

September ist, 8 20 40 a.m. app. time at ship long, 172 9 E. 

October I st, 6 11 50 a.m. mean time at ship long, 68 15 W, 

December i6th, 4 35 32 a.m. app. time at ship long. 4 8 E. 

November 14th, 6 45 8 p.m. mean time at ship long. 100 2 E. 

The Polak Distance of a heavenly body is its angular distance from 
the elevated pole of the heavens ; it is measured by the intercepted arc 
of the hour-circle passing through it, or by the corresponding angle at 
the centre of the sphere. According as the North or South pole is 
elevated, we have the Iforth Folar Distance or the South Folar Distance. 

To find the polar distance of a celestial object, proceed according to 
the following rule : — 

EULE XLV. 

When the latitude of the place, and declination of the olject, are of the 
same name, subtract the declination from 90° ; hut when the latitude and 
declination are of contrary names, add the declination to go'^ ; the result 
in either case is the polar distance. 

When the latitude is o, the declination, either added to or taJcm from 90®, is the 
polar distance. 

Examples. 

LAT. DECLmATTON. POLAR DISTANCE. 

N 8= 12' 18' S 98*12' 18* 

N 22 30 o N 67 30 o 

S 2 31 15 8 87 28 45 

N 30 23 15 S 120 23 15 

8 7 22 32 N 97 22 32 

8 26 43 12 8 631648 



12 48 2 N { ^„ -„ t, ^c 

^ t or 77 II 58 



TO EIND THE EQUATION OE TIME. 

Day Apparent Solar, is the interval between two successive transits of 
the actual sun's centre over the same meridian ; it begins when that 
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point is on tlie meridian. Tho apparent solar day is variable in length, 
from two causes ; first, the sun does not move uniformly in tlie ecL'ptic 
— its apparent path sometimes describing an arc of 57', and at other 
times an arc of 61' in a day; second, the ecliptic twice crosses the 
equinoctial — ^the great circle whose plane is perpendicular to the axis 
of rotation — and hence is inclined to it in its different parts ; at the 
points of intersection the inclination is about 23° 27', at two other limiting 
points they are parallel. A uniform measure of time is obtained by the 
invention of the Mea7i Solar Bay, 

Mean Solar Day is the interval between two successive transits of 
the mean sun over the same meridian ; it begins when the mean sun is 
on the meridian. This fictitious body is conceived to move in the equi- 
noctial with the mean motion of the actual sun in the ecliptic. The 
length of the mean solar day is the average length of the apparent solar 
days for the space of a solar year. 

Equation of Time is the difference between apparent and mean time. 
It is measured by the angle at the pole of the heavens between two 
circles passing, the one through the apparent sun's centre, the other 
through the mean sun. The equation of time is so called because it 
enables us to reduce appai*ent to mean, or mean to apparent time. In 
consequence of the motion of the sun in the ecliptic being variable, and 
the ecliptic not being perpendicular to the axis of the earth's rotation, 
apparent time is variable, and this fluctuation is considerable, amounting 
to upwards of half an hour — apjiarent noon sometimes taking place as 
much as 16 J" before mean noon, and at others as much as 14-J" after. 
These are the greatest values of the equation of time ; it vanishes alto- 
gether four times a year — this occuring about April i5tli, June 15th, 
September ist, and December 24th. It is calculated and inserted in 
the Nautical Almanac for every day in the year. On page I of each 
month the equation of time given is that to be used in deducing mean 
from apparent time ; that on page H is to be used in deducing apparent 
from mean time. The difference in the value of the two arises from the 
one being that at apparent noon, and the other that at mean noon. As 
these may be separated by an interval of more than a quarter of an 
hour, the equation of time given in pages I and II may differ by a 
quarter of the ** Diff. for i hour '' given in the adjoining column. The 
equation of time is itseK a portion of mean time. 
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FiEST Method. — By hourly differonces. 

EULE XLYI. 

1°. Get a Greenwich date, 

2°. Tahe out of Nautical Almanac, page II of the months the equation 
of time for the noon of Greenwich date, and marJc it additive or subtractive, 
according to the heading of equation of time in page I of the month; also talce 
from the column in page /> tlie ^^ Biff, for i hour,^^"^^ 

3°. Multiply the ^^ Biff for i /iowr" lythe hours, and, tvhen great precision 
is necessary, hy the fractional parts of an hour also. The result is the cor- 
rection to he applied to the equation of time talon from the Nautical Almanac, 
and is to he added when equation of time is increasing, hut subtracted 
when equation of time is decreasing. When the correction, heing suhtractive, 
exceeds the equation of time itself, subtract the equation of time from the 
correction ; the remainder is the reduced equation of time sought — and it is to 
he subtracted /ro7?i apparent time lohen equation of time at noon is directed to 
he added, hut addtd to apparent time when equation of time at noon is directed 
to he subtracted. 

EULE XLYII. 

1°. Get a Greenwich date, as hefore, 

2°. Talce out of Nautical Almanac, page II, the equation of time for noon 
of Greenwich date, and the noon following it, prefixing additive or subtractive 
to them, according to the heading of equation of time, page I, Nautical Almanac. 

3°. When hoth equations are marhed add, or hoth subtract, their difference 
is the daily variatiDn ; hut when one is marked add, and the other subtract, 
talce the sum for the daily variation, 

4°. Add together the log, of Greenwich time and log. of daily variation ; 
the sum is log. of proportional part of daily variation, which find in the tahle. 

5°. When first equation of time is increasing, add. proportional part to 
it ; hut wlien equation of time is decreasing, subtract from it the propor- 
tional part. Jf proportional part, when subtractive, exceeds the equation 
of time itself, take equation of time from it, and the result is the equation of 
time sought — and is additive or subtractive, accordi^ig to the directions for 
the second equation of time, 

* The Greenwicli middle time being found, the hourly difference is reduced to it 
in the same way as directed for the declination (see Note, page 120). 



126 



BBDTTOnOK 07 ELEMENTS. 



Examples. 

Ex. 1. 1865, January 29th, 6^53»49» mean time at Greenwich; find equation 
of time to be applied to apparent time. 



Eq. time, page 2, K.A. 
29tli, add i3™29*o» 
30th, add 13 38*8 

Daily var, 9*8 

9-8 as 9' 48" 

h54m 



The mid. time between noon 29th, 
and 29^ 7hj or 29<**3, is 29<'*i5. 

H, diff. 29thy o'425 
30th, 0-390 



^^ 



2'W 



Or 2 49" = 2*8 

29th, noon, 0^1 3 29-0 



log. 3890 
log. 5414 

log, 9304 



Mid, time 



'035 
X -15 



— '00525 
29th, noon, 0*425 



Red. eq. time 13 31*8 



H. diff. at Mid. time 0*420 
Green, time X 7** 



(To be added to app, time.) 



Correction 2*940 

or + 2*9 
29th, noon, 13 29*0 



Bed. eq. time 13 31*9 
(To be added to app. time.) 

In the preceding e:iLample, the tenths of seconds (^8) in daily variation are multi- 
plied by 6, in order to get thirds. The table is then entered with the seconds (9) at 
the top of the column, and the thirds (48) at the side for the log. The sum of the 
two logs, gives seconds and thirds ; the thirds (49) are to be divided by 6, to reduce 
them to tenths : hence we obtain the proportional part of daily variation 2**8. 



Ex.2. i865,March27th,23^26™mean 
time at Greenwich ; find equation time. 

Eq. time, page 11, N,A. 
27th, noon, add 5^25 •5» 
28th, noon, add 5 7*1 

Daily variation 1 8 -4 

i8*4asi8' 24' log. 1 154 
23^ 26"* log. 0104 

17' 58* log. 1258 

or i8*o 

27th, noon, 5 25*5 



Bed. eq. time 



5 7*5 



(To be added to app. time.) 



Ex. 3, 1 865, April 14th, 22^ 42™ mean 
time at Greenwich ; required the equa- 
tion of time. 

Eq, time, page II, N.A. 
14th, noon, add o™i3*5« 
15th, noon, sub. o 1*6 



15*1 



15*1 as 15' 6" log. 2012 
22^42™ log, 0242 

14 17 log. 2254 

14 17 = 14*3 

15th, noon, add o 13*5 



Bed. eq. time 



o 0-8 



(To be sub, fsom app. time.) 
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Ex, 4. 1865, December 24th, 8*^ 54" 
mean tune at Greenwich ; find the equa- 
tion of time, 

Eq. time 24th, sub. o™ i*8» 
25th, add o 28'! 

Daily yariation 2)29*9 

149 



14*9 as 14' 54" log, 2070 
8^54111 log. 4308 

5' 32*' log. 6378 

2 

II 4 := ii*i 

24th; noon^ ^, o 1*8 



Ex. 5. 1865, August 12th, 151^ 24« 
mean time at Greenwich ; find equation 
of time. 

Eq. time, page 11, N,A. 
12th, noon, add 4"45'7" 
13th, noon, add 4 35*3 

10*4 



io'4asio'24^ log. 3632 

15^24"* log. 1927 

6' 41* log, 5559 > 

6' 41^ = 67 

12th, noon, 4 457 

Eed. eq. time 4 39*0 

(To be added to app. time.) 



^Bed. eq. time o 9*3 

(To he added to app. time.) 

The daily variation is divided by 2, as 
it exceeds the limits of the tables, and the 
prop, part found is multiplied by 2. 

Examples for Peactiob. 

In each of tlie following examples it is required to find the equation 
of time corresponding to the given Greenwich date : — 



i; 1865, Jan. 5th, at 
Feb. 1 8th, at 
Mar. 24th, at 
April 14th, at 
May 19th, at 
June 14th, at 
June 25th, at 
July 16th, at 
Aug. 31st, at 
Sept. 8th, at 
Oct. 5th, at 
April 14th, at 



2. 

3- 

4- 

5. 
6. 

7. 
8. 

9- 
10. 

II. 

12. 



if 
ft 

J9 
f> 
» 
ft 
tt 
it 
it 
ft 



12^33"* o* 

13 20 o 

I 4 8 

8 10 

56 o 

49 50 

o 

o 

14 40 

53 10 
19 19 2 
16 21 55 



14 
6 

5 

20 32 

I 14 
21 
o 



M.T. 
M.T. 
A.T. 
A.T. 
M.T. 
M.T. 
M.T, 
A.T. 
A.T. 
M.T. 
A.T. 
A.T. 



13- 
14. 

16. 

17. 
18. 

19. 

10. 

21, 

22, 

23- 
24. 



^865, June 14th, 

Aug. 3i8t, 

May 14th, 

April 14th, 

Nov. 14th, 

July 20th, 

Dec, 24th, 

Oct. 26th, 

Nov. 2nd, 

Dec. 24th, 

Aug. 31st, 

Dec. 31st, 



ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 



at 


22^52»n O'M.T. 


at 


15 54 A.T. 


at 


9 36 A.T. 


at 


21 36 50 M.T. 


at 


21 35 A.T. 


at 


20 57 16 M.T. 


at 


18 2 54 M.T. 


at 


7 56 21 M.T. 


at 


13 42 34 A.T. 


at 


I 30 A.T. 


at 


10 35 M.T. 


at 


9 24 47 M.T. 



COEEECTION OF THE OBSEEVED ALTITUDE. 



The corrections necessary to reduce an altitude observed from the sea- 
horizon with a quadrant or sextant, &c., to the true altitude, consist of 
the index correction, the dip, the correction of altitude, or the joint 
effect of refraction and parallax, and, in certain cases, of the semi- 
diameter. 
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■ The altitudes of heavenly bodies are observed from the deck of a ship at sea, with 
the sextant, for the purpose of finding latitude, longitude, &c. Such an altitude is 
called the "observed altitude." There are certain instrumental and circumstantial 
sources of error by which this is afifected : — (a) The sextant (supposed otherwise to bo 
in adjustment) may have an index error : (b) The eye of the observer being elevated 
above the surface of the sea, the horizon will appear to bo depressed, and the consequent 
altitude in reality too great : and {c) One of the limbs of the body may be observed 
instead of its centre. When the correction for these errors and method of observing 
are applied — "the index correction,'* " correction for dip," and " semi-diameter," — 
the observed is reduced to the apparent altitude. But, again, for the sake of comparison 
and computation, aU observations must be transformed iuto what they would have 
been, had the bodies been viewed through a uniform medium, and from one common 
centre — the centre of the earth. The altitude supposed to be so taken is called the 
" true altitude;" it may be deduced from the apparent altitude by applying the cor- 
rections called " corrections for refraction" (Table V, Norie, or XXXI, Raper), and 
"correction for parallax" (Table VI, Norie, or XXXTV, Eaper), which, however, 
are sometimes given in tables combined under the names "correction in altitude" 
(Table XYIII, Norie), («') " Correction for refraction ; " when a body is viewed 
through the atmosphere, refraction will cause the apparent to be greater than the 
true altitude ; hence the correction for refraction is subtractive in finding the true 
from the apparent altitude, {b') " Correction for parallax ; " the position of the ob- 
server on the surface, especially for near bodies, will cause the apparent to be less 
than the true altitude ; hence the correction for parallax is additive in finding the 
true from the apparent altitude, 

TO COEEECT THE SUN'S ALTITUDE. 

EULE XLYin. 



1°, 



2°. 



Correct the observed altitude of the sun for index error, if any. 
Subtract the dip answering to height of eye (Table Y, Norie, and 
Table XXX, Eaper) ; the remainder is the apparent altitude of the limb 
observed, 

f. Subtract the refraction (Table lY, Norie, and XXXI Eaper), 
add the parallax (Table YI, Norie, XXXIY, Eaper) ; or, take out the 
^^ correction in altitude of sun ^^ (Table XYIII, Norie), and subtract it ; 
the remainder is the true altitude of the observed limb, 

4°. Take from Page II of the month in the Nautical Almanac the sun's 
semi-diameter, adding it when the sun's lower limb (l.l.) is observed, but 
subtracting it when the sun^s upper limb (u.l.) is observed; the result 
thus obtained is tbe true altitude of tbe sun's centre. 
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iEiZAHPLES. 

Ez, I. 1865, January 6ih, the observed altitude sun's l,l. 39" 8' 30', index cor- 
Tection -)- 33% height of eye 19 feet ; required the true altitude. 



£aper, 

Obs. alt. sun*s l.l. 30^ 
Index correction -f- 



8' 30^ 
33 



Dip (Table 30.) 


39 


9 3 
4 15 


App, alt. sun's l,l. 
Bef. (Table 31.) \ 
— Par. (Table 34.) j 

True alt. sun's l.l. 
Semi-diameter 


39 


448 
I 5 

3 43 
16 18 



True altitude 39 20 i 



Obs. alt. sun's l.l. 
Index correction 



Dip (Table 5.) 



True alt. sun's l.l« 
Semi-diameter 



39' 8' 30'' 
+ 33 

39 9 3 

— 4 II 



App. alt, sun's l.l. 39 4 52 
Corr. alt. (Table 18.) —13 



39 3 49 
+ 16 18 



True altitude 39 20 7 



Ex. 2. 1865, June i8th, the observed altitude sun's l.l. 71® 19' 20% index cor* 
rection + 3' 46% height of eye 18 feet ; required the true altitude. 



Obs. alt. sun's l.l. 
Index correction 



Dip (Table 30.) 



Re£ — C 26* 
Par.-J. 3 



) 



Semid., p. IL, K.A, 
True altitude 



7i''i9'20^ 
+ 3 46 



71 


23 

4 


6 
10 


71 


18 


S6 

17 


¥ 


18 
15 


46 



71 34 25 



Obs. alt. sun's l,l. 
Index correction 



Dip (Table 5.) 



7 1* 19' 20* 
+ 3 46 

71 23 6 

— 44 



71 19 2 
Corr. of alt. (Table 18.)— 17 



Semi-diameter 

True altitude 



71 18 45 
+ 15 46 

71 34 31 



Ex. 3. 1865, October 8th, the observed altitude sun's l,l. 19** 50' 10% index cor- 
rection + 50*, height of eye 16 feet. 



Obs. alt. sun's l.l. i9'*5o' id*' 
Index cozrection -f* S^ 



Dip 



Eefc — 2'4i'0 



Par. -f 



Semi-diameter 



19 51 

— 4 






1947 

— 2 



33 


19 44 27 
+ 16 3 



True altitude ao o 30 
8 



Obs. alt, sun's l,Xi. 
Index correction 



Dip 



Semi-diameter 

True altitude 



10*50' 10* 
+ 50 

19 51 o 
— 3 50 



19 47 10 
Correction altitude — 2 29 



19 44 41 
+ '^ 3 

20 o 44 
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SINBINa THE lATTTUDS 



Ex. 4. 1865, August 8th, observed altitude sun's u.l. 12** 52' 30% index coirection 
+ 3' 10% height of eye 17 feet. 



Obs. alt. sun's u.l. 
Index correction 



Dip 17 feet 



Eef.— 4' ii*\ 
Par.+ 8/ 



Semi-diameter 



I a' 52' 30" 



+ 


3 


10 


12 


55 40 
4 5 


12 


51 
4 


35 
3 


12 


47 3» 
15 49 



True altitude 12 31 43 



Obs. alt. sun's u.l. 
Index correction 



Dip 



Correction altitude 



Semi-diameter 



1 2*5 2' 30" 
+ 3 10 



12 


55 40 
3 57 


12 


51 43 
- 3 56 


12 


47 47 
15 49 



True altitude 12 31 58 



Examples fob Fbaotice. 

I. 1865, Jan, 29th, Obs. alt, sun's L.L. 17.** 44' 30* Index corr,— 1' 25* Eye 16 feet. 



2. 

3- 

4- 

5' 
6. 

7. 
8. 

9- 
10. 

II. 
12. 

13- 

14. 

15. 



99 
99 



Feb. 1 8th, 
Mar. 24th, 
April 20th, 
May .8th, 
June loth, 
July 1 6th, 
Aug. 7th, 
Sept. 2nd, 
Oct. nth, 
Nov, 15th, 
Dec, 14th, 
Feb, nth, 
Oct. 6th, 
Feb. 9th, 



99 

99 



48 4 10 
29 50 30 
76 3 o 
58 38 20 
28 48 30 
65 I o 

85 13 20 

28 16 20 
67 44 o 
14 3 40 

U.L. 12 10 5 

L.L. 69 32 10 

U.L. 9 10 30 

U.L. 20 18 15 





t° 


55' , 


, 12 „ 




+ 1 


3 9 


, 17 „ 




— I 


27 , 


, 10 „ 




— I 


10 , 


, 18 „ 




— I 


14 , 


. 20 „ 




+0 


17 , 


, 14 „ 




2 


10 , 


, 18 „ 




— 4 


S , 


, 10 „ 




— I 


38 , 


, 15 « 




+4 


I , 


, " >> 




— 


49 9 


9 I* » 




-- I 


50 9 


, 22 „ 




-- 


20 , 


, 18 „ 




-- I 


40 , 


9 14 99 



TO PIND THE LATITUDE BY A MEEIDIAN 
ALTITUDE OF THE SUN". 

EULE XTiTX. 

1°. With the shijp^B date and longittfde in time, find the Greenwich date in 
apparent time (Ride XLH, 5°, page 116.) 

2°. Take the sun^s declination from Nautical Almanac ^page I of the 
month J, and correct it for the Greenwich date (Rule XL ill, page 119.) 

3°. Correct the observed altitude for index error, dip, semi-diameter, and 
refraction and parallax, and thus get the true altitude (Rule XL yjij^ 
page 128) ; subtract true altitude from 90° : the result will be the trt4e zenith 
distance,* 



* When true altitude exceeds 90^, subtract 90° from it. 
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4°. Call the zenith distance N., when the observer is North of sun, or 
when (he sun hears South, call zenith distance S., when the observer is South 
ofsuny or when it hears North. 

5°. Add together the declination and zenith distance, when they have the same 
names (see examples i and 3) ; but tahe the difference, if their names be un- 
like (see examples z, 5, and 6) ; the latitude is N. or S., as the greater is. 

6^. When the declination is 0°, the zenith distance is the latitude, and 
of the same ncvme as the zenith distance (see example 7) ; and when the 
zenith distance is 0°, the declination is the latitude, and of the same name as 
the declination. 

ExATVrPLES. 

Ex. I. 1865, January 15th, in longitude 7a** 42' W., the observed meridian altitude 
of the son's l.l. (lower limb) was 59° 42' 10% bearing north; index error -|- 2' 10'', 
height of eye 14 feet : required th& latitude. 

The observation was made when the sun was on the meridian, that is, at apparent 
noon : the date, therefore, at the place of observation is January 15th, o^ oi» o^. But 
the meridian of the place of observation is 72** 42' W. of meridian of Greenwich, and 
therefore, the sun is 72' 42' W. of meridian of Greenwich ; or, in time 4^ 50" 48', since 
72* 42' is equivalent to 4^ 5o»» 48*. It is, therefore, 4^ 50™ 48* past apparent noon at 
Greenwich, and the Greenwich date is found by adding 4^ 50°^ 48" to the time of ap- 
parent noon, January 15th, thus : — 

Ship date, January 15* o^ 0°^ o» 
Longitude 7 2' 42' W. -j- 4 50 48 

Greenwich date, Jan. 15 4 50 48 

With this date the sun's declination must be taken out of Nautkal Ahmnac, where it 

win be found in page I, for January. It may be reduced to Greenwich date by means 

of the tables, or by " Hourly diff.," thus— 

Decl. app. noon. The mid. time is i5<* 2^^. 

15th, ai'' 3'54*S, H. diff. 15th, 27»-98 

i6th, 20 52 30 S. i6th, 28 '98 

10)1*00 

2jh = ,^ of a day 'lo 

2798 

H. diflf. at mid. time 2808 
Bed.deGl, 21 i 36 S. 4^51" = X 485 

6,0)136-1880 

Correction 2 16 

15th, noon, 21 3 54 S. 



Daily var. — 11 24 
Green, time 4^51" 


log. 
log. 

log. 


3233 
6945 


— 2 18 
21 3 54 S. 


i*oi78 



Bed. deoL ai i 38 S. 



i3» 



FINDING THB LATITUBB 



Obfl. ali Bun'a l.l. 
Index error 

Dip (Table 30.) 

App. alt. 6un*s l.l. 
Be&action (Table 31.) 

Faiallax (Table 34.) 

True alt, Biin*s l.l. 
Semi-diameter 

True altitude 



Zenith distance 
Declination 

Ijatitnde 



59»42' lo'TJ. 
-f* 2 10 



59 44 20 
— 3 40 

59 40 40 
■- 34 

59 40 6 
+ 4 

59 40 10 
+ 16 ig 

59 56 28 
90 o o 

30 3 32 S. 
21 I 36 S. 

51 5 8S. 



Nwie. 

Obs. alt. sun'fl l.l. 
Index exror 

Dip (Table 5.) 



59» 42' io»N. 
2 10 



? 



59 44 ap 
— 3 36 



59 40 44 
Corr, alt. (Table 18.) — 29 



Semi-diameter 
True altitude 



Zenith distance 
Declination 

Latitude 



59 40 15 
+. 16 18 

59 5^ 33 
90 o o 

30 3 27 S. 
21 I 36 s. 

51 5 3S. 



Ex. 2. 1865, February 3rd, in longitude 139** 42' W., the obflenred meridian alti- 
tude of the sun*s l.l. s^'* S^' 5^^ bearing south; index correction — 3' 4^; height 
of eye 14 feet. 



Ship date, February 3* o^ o™ o« 
Long. 139° 42' W. Hh 9 18 48 



Greenwich date 3 


9 18 48 


Ded. app. noon. 
3rd, i6»25' 3*S. 
4th, 16 7 9 S. 




Daily var. 17 54 
Green, time 9*i9«» 


log. 1274 
log. 4109 


16 25 3 S. 


log. 5383 



Bed.decL 16 18 6 S. 



Obs. alt. sun's l.l. 
Index correction 



Dip (Table 5, Norie) 

App. alt. sun's l.l. 
Ck>rr. alt. (Table 18.) 

True alt. sun's l.l. 
Semi-diameter 

True altitude 



Zenith distance 
Declination 

Latitude 



5^*5^ 5^"S. 

— 34 

56 53 52 

— 3 3^ 

SS 50 16 

— o 32 

5^ 49 44 
+ 1^ '5 

57 5 59 
90 o o 

32 54 I N. 
16 18 6S. 

1^ 35 SS N. 



Using Baper's tables, the corrections are as follow : Index correction, — 3' 4' ; 
Dip, — 3' 40* ; Befraction, — o' 38" ; Parallax, + 5* ; Semi-diameter, + 16' 15* ; 
whence True Altitude is 57* 5' 54*, and the Latitude i6« 36' o' N. 

Ex. 3. 1865, March 21st, longitude 109*^ 42' E., observed meridian altitude of the 
Bun's L.L. 52** 52' ioVbearing soatb ; index ooirectioni ^V s^\ height of eye 12 feet. 
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Greemwicli date 20^ 16^ 41^ 12*. 
DbcL 20th, o" i'56*S, 

2I8t, O 21 45 N. 

Daily var, 23 41 log. 0058 
Green, tame 16^41^ log. 1579 

16 28 N. log. 1637 
o I 56S. 



Bed. ded. o 14 32 K. 



By Baper : dip, — 3' 20*; re£, & 44*; 
pas., + 5"; semid., + 16' 5*. True alt, 
53« e i" and Latitude 37' 8' 31^ N. 



Obs. alt. bus's l,l. 
Index correction 


52' 52' 50* S. 
+ I 5 


Dip (None) 


5» 53 5S 
— 3 19 


App. alt. Bun*8 L.L, 
Corr. of alt. 


52 50 36 
- 38 


True alt. sun's l.l. 
Semi-diameter 


52 49 58 
+ 16 5 


True altitude 


53 6 3 


- 


90 


Zenith distance 
Declination 


36 53 57 N. 
14 32 N. 



Latitude 37 8 29 N, 

Ex. 4. 1^65, April i6thy longitude 139" 50' "E., observed meridian altitude sun's l.l. 
S9* 46' 10% bearing north ; index correction, -}- i' 56* ; height of eye 18 feet. 



Sh^ date, April 16* o*» o»» o« 
Jjong, 139° 50' E. — - 9 19 20 

Qreenwich date ^ 15 14 40 40 
(In Bubt. long, in time boirow 24^.) 
Ded. 15th, 9'* 52' 24* N. 
idth, 10 13 41 N. 

Daily var. 21 17 log. 0522 
Ctieen, time 14^41°^ log. 2134 

13 I log. 2656 
9 52 24 N. 



BedtdecL 10 5 25 N. 

By Baper : index corr., + i' 56* ; dip, 
4f 10*: ref, &c., o'; semid., + 15' 58"; 
true alt. 89*59' 54% latitude 10' 5' i9*N. 



Obs. alt. sun's l.l. 
Index correction 


89«» 46' io*N. 


Dip (Norie, Table 5.) 


89 48 6 
— 4 4 


Corr. alt. (Table 18.) 


89 44 2 
000 


Semi-diameter 


89 44 2 
+ 1558 


True altitude 


90 




90 


9 

Zenith distance 
Declination 


000 
10 5 25 N. 



Latitude 



10 5 25 N. 



Ex. 5. 1865, Jidy 13th, longitude 39° 52' E., observed meridian altitude sun's l.l. 
67' 59* 40*, bearing north; index correction, — 38' ; height of eye 17 feet. 

Obs. alt, sun's l.l. 



Ship date, Jidy 12* 24** o» o« 
I-ong. 39° 5»' B. — 2 39 28 
Greenwich date 12 21 20 32 

Ded. 12th, 21'* 57' 9*N. 
i3ih, 21 48 32 N. 
Daily var. 8 37 log»4449 

Green, tim e 2i^2i « log . 0508 

— 7 40 4957 

*' 57 9 
Bed. ded. 21 49 29 N. 

By Baper : index corr,, — 38* ; dip, 

-^'4[f> ^^'> — ^' M*'; V^'f + 3"; 
wnwd.. -t li 4^' ; true alt, 6^"* ic/ 22" : 

l«tliMe«^(/9'8. 



Index correction 

Dip (None) 

Correction altitude 

Semi-diameter 
True altitude 

Zenith distance * 
Declination 

Latitude 



67'»59'4o"N. 

ZZ 3? 

67 59 2 

— 3 57 

67 SS 5 
— 20 



67 54 45 
+ 15 46 

68 10 31 
90 o o 

21 49 29 S, 
21 49 29 N. 
000 



The 'ship is on the Equator. 
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Fan>isra the ULTrrmm. 



Ex. 6. 1865, December i7tli, longitude 175" 45' W., observed meridian altitude 
son's L,L« 89^ 57' 50% bearing nortJi, index correction + 4' 17'', height of eye 24 feet, 

Greenwich date I^^ ii*> 43™, 
Decl, 17th, 23* 22' 54' S. 
i8th, 23 24 41 S, 



Daily var. 
Green, time 



I 47 log. 1*1290 
ii^43« log. 3114 



o 52 log, 1*4404 
23 22 54 S. 



Bed, ded. 23 23 46 S. 



The true altitude by Baper's tables is 

£*® '3' 35% zenith distance o' 13' 51' N, 
titude230 10' 11' S, 



Obs, alt. sun's l ji. 
Tndex correction 


89*57' 50" N. 
+ 4 17 


Dip (Table 5.) 


90 2 7 

— 4 42 


Corr. alt, (Table 18.) 


89 57 25 
000 


Semi-diameter 


89 57 25 
+ 16 18 


True altitude 


90 13 43 N, 


Zenith distance 
Declination 


13 43 N. 
23 23 46 S, 



IJatitude 



23 10 38. 



Ex. 7. 1865, September 23rd, longitude 163° 15' E., observed meridian altitude 
sun's L.L. 40" 9', bearing north ; index correction + 20% height of eye 18 feet. 



Ship date, S^t. 23* o^ o«»o« 
Long. 163'* 15 E. — 10 53 o 

Greenwich date 22 13 7 o 



Ded. 22nd, b' 12' 47* N. 
23rd, o 10 37 8, 
Daily var. 23 24 log. 01 10 
Green, time 13^ 7 °^ log. 2624 

12 47 8, log, 2734 
o 12 47 y. 

Bed. ded. 000 



By Baper, index corr., -^ 20' ; dip, 

— 4' lo' ; ref., — i' 9" ; par + 7^ 
semid. + 15' 59*; true alt. 40P 20' 7'; 
latitude 49' 39' 53* S, 

Ex. 8. ' 1865, August 23rd, longitude 
168* 25' W., ODserved meridian altitude 
sun's L.L. 40** 5' 30% observer N. of sun ; 
index corr., — 54* ; height of eye 1 2 feet. 

Green, date Aug. i^^ 1 1*» ly^ 4o« 

Ded. 23rd, is 1 1** 22' 6" N., ditto 24th, 
II' i' 35* N., daily var. — 20' 31% corr. 

— 9' 36% Bed, ded. 1 1» 12' 30* N. 

By None : index corr. — 54", dip — 
3' 19*, corr. of alt. i' 1% semid. -J- 15' 5 *% 
Trm alt, 40P i& 8*. 

True altitude 



Obs, alt. sun's l.l. 
Index correction 

Dip 

Correction altitude 

Semi-diameter 
True altitude 

Zenith distance 
Declination 

Latitude 



40' 9' o*N. 
+ 20 

40 9 20 

— 44 

40 5 16 

— II 



40 4 15 
+ '5 59 

40 20 14 
90 o o 

49 39 46 S. 
000 

49 39 46 S. 



Zenith distance 
Declination 

Latitude 



4o»i6' 8* 
90 o o 

49 43 5a N, 
II 12 30 N. 

60 56 22 N. 



Ex. 9. 1866, January ist, longitude 
150° E., observed meridian altitude sun's 
L.L. 70** 20' (zenith K. of sun) ; index 
corr. — 30* ; height of eye 19 feet. 

Green, date, i865,Dec. 3i<* 14^0^ o» 

DecL Dec, 31st, 23* 5' 3* S., ditto 32nd 
23° o' 16" N., da&y var, — 4' 47% corr, 
— 2' 47*, jRed. ded. 2f 2' 16" S. 

By Norie : index corr. — 30*, dip — 
4' 11% corr. alt. o' 18% semid + 16' 18% 
Tnse alt. 70' 31' 19*. 

True altitude 



Zenith distance 
Declination 

Latitude 



76»3i' 19*^ 
90 o o 

19 28 41 K« 
23 2 16 S« 

3 33 35 S. 



OK AHFUTUDES. 13J 

Examples fob Pbaotioe. 
In each of the foUowing examples the latitude is reqiiired : — 

LONOITUSB. 0B8. ALT. BX7K*8 L.L. 

49°5i'W. 68'' 39' 40* N. 

39 51 E. 72 43 50 S. 

89 48 E, 51 49 30 S. 

165 23 W, u.L, 82 51 10 N, 
32 3 E, ti.L. 46 18 o S. 
62 57 E. L.L. 42 24 45 N. 

156 38 W, 51 58 30 N. 

82 30 "W. 57 41 o 8. 

92 3 E. 35 35 20 N. 

166 30 E. 41 36 10 S, 

90 12 W. 54 40 40 S. 
80 II E. 67 43 o S. 
SS 20 E. 25 52 15 8. 
60 I E. s^ 26 o N. 

144 o E. 61 49 30 8, 

139 45 W. ^ SS 50 S, 

45 26 W, 86 34 19 N. 

90 45 E. 83 40 30 S. 

106 o E. 70 29 45 K. 

173 58 W. 71 19 20 8. 

8 12 ^, 29 55 20 8. 

29 30 W^ 76 58 15 N. 

125 32 E, u.L, 54 57 20 8. 

71 20 E, T7.L. 82 o 15 N, 



NO. 
I. 


CrriL DATZ. 

1865, Jan. loth, 


2. 


>9 


Feb. ist, 


3« 


» 


March 8th, 


4- 


$$ 


April 28th, 


5. 


99 


May 2nd, 


6. 


99 


June I ith, 


7- 


99 


July 2oih, 


8. 


99 


Aug. 19th, 


9« 


» 


Aug. 20th, 


10, 


99 


8ept. 23rd, 


II. 


» 


Oct. 23rd, 


12. 


» 


Nov. 15th, 


i3« 


» 


Dec. loth, 


14* 


99 


8ept, 2 1 fit, 


i5« 


9) 


March 21st, 


li 

17. 




April 7th, 
May 1 6th, 


18. 


» 


8ept. 23rd, 


19. 


>» 


^ov. 3rd, 


20. 


9f 


8ept. 22nd, 
Feb. 12th, 


21. 


» 


22. 


>» 


March 20^ 


23- 


1866, 


, Jan. ist. 


24. 


1865, 


, Oct. ist. 



INDRX CORK. 
- - 5' 10" 
-- I 42 


XTE. 
13 ft. 
13 


— 3 17 


15 


+ 4 10 


18 





20 


+ 2 15 


21 


— 2 39 


16 


T ' 3 


22 


+ 2 17 


12 


— 4 41 


17 


— 49 

+ I 38 
+ 20 


18 


15 

17 





20 


7- 3 17 


15 


+ 5 10 
+ 416 


12 


15 





18 


-J- I 22 
+ 3 40 


19 
18 


— I 10 


19 


— 2 20 


21 


+ 2 10 


22 


— 3 15 


14 



VAUIATION BY AN AMPLITUDE. 



The Yabiatiok is found by comparing the bearing of the sun or other 
celestial body, as shewn by the compass, with the true bearing, as found 
by calculation. 

The Tbtje Amplitude is the bearing of a celestial body at rising or 
setting (t.^., when its centre is on the rational horizon), from the true 
East or West point, found by calculation from the latitude of the place 
and declination of the body, or taken by inspection from a table, of 
which these quantities are the arguments (Table XUI, None, or UX, 
Baper). 

The Magnetio Amplitxtbe is the bearing of a celestial body at rising 
or setting from the compass East or West points, found by direct ob- 
servation with an instrument fitted with a ma^etic needle, as the 
Arimnth Compass. 
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The magnetic amplitade is difltingniflhed as observed, or apparent, and corrected. 
The observed, or apparent, magnetic amplitude of a celestial body is its hearing from 
the compass East or West point, when it appears in the sea^^horizon of an observer 
standing on the deck of a ship. The corrected magnetic amplitude is the bearing of 
the body from the compass East or West point, when on the rational hoiizon, as it 
would appear to a spectator at the centre of the fsphere through a uniform medium. 
The diurnal circles of the celestial bodies being, except at the equator, inclined to the 
horizon, and more and more the higher the latitude, any cause which affects the time 
of rising will affect the apparent amplitude, and in a greater degree as the latitude 
increases. The following are the causes : — ( i) The devation of the observer depresses 
the sea-horizon, while it does not affect the place of the celestial body — hence by 
reason of the dip, the body appears to rise before it is truly on the sensible horizon, 
(i) The great refraction at the horizon causes the body to appear to rise considerably 
before it comes to the sensible horizon. (3) When a body is in the sensible horizon, 
to an eye at the centre of the sphere it has already passed the rational horizon. This 
being ^e effect of parallax, is only of importance in the case o| the moon. These 
corrections will be found in Table 59 A, Eaper, 

EULE L. 

1°. Wtth the ship date and longitude in time, find the Greenwich date 
(see Bule XTiTT, page 1 16). 

The time of sunrise and sunset is generally given in apparent time. 

2°. Take out of Nautical Almanac the sun^s declination for this date 
(see Bule XTjTTT, page 1 19). 

3°. Take from the Tables the log. sine of declination, and log. secant of 
latitude f refecting 10 from the indep^,; the sum of these is log. sine of true 
amplitude, which take out of Tables. 

4^ If the bodg is rising, or A.ii.y mark true amplitude East; if it is 
setting, or p.m., mark it West : mark it also North, when, declination is 
North ; or South, when declination is South. 

(a) When the declination is o, the true amplitude is o ; that is, it is East 
if the object is rising — ^West */ it is setting. 

(b) JFhen the latitude is o, the declination is the true amplitude. 

5^ Under the true amplitude write the magnetic amplitude: then if ikey 
are both marked North, or both marked South, take their difference ; hut 
when one is marked North, and the other South, take their sum : the result 
in either case, is the variation. 

The magnetic amplitude must be reckoned from East or West towards the North 
or South, before it is placed underneath the true. Thus : the magnetic am;plitade 
3.E. by E. I E. is E, 2| points S., or E, 2^ 7' 30' S. 
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6®. The variatian is named Eaat, when the true amplitude is to the right 
o^magnetio amplitude; "West when true i% to the left of magnetic: the 
observer being supposed looking from the centre of the compass, in the 
direction of magnetic amplitude. 

Examples. 

Ex, I. 1865, Jannaxy 6th, at 4^ 44™ 27* a.m. apparent time at ship, lat. 37° 59' S., 

long. 36* 24' "W,, the sun's magnetic amplitude S.E. by E, J E, ; required, the true 

amplitude and vaiiation. 

Ship date, Jan. 5** i6»>44™27» Decl. 5th, 22<» 34' 54* S. 

Long, in time + 2 25 36 6th, 22 27 45 S. 



^Jan. 5 19 10 3 


19*110™ 


log- 5259 
log. 0977 




5 43 
22 34 54 S. 


log. 6236 


Declination 22** 29' 1 1^ 
Latitude 37 59 


Eed. decl. 22 29 11 S. 

sine 9-582591 
secant o- 103369 





sine 9*68^960 
fA.M. and S. ded.) True amplitude E. 29^ i' 42' S. 
(S.E, by E. \ E.) Mag, amplitude E. 28 7 30 S. = E. 2} points. 

Variation o 54 12 E., because true amplitude 

is to the Tight of magnetic amplitude. 

Ex. 2. 1865, February i6th, at 4^ 57"^ 42" p.m. apparent time at ship, latitude 
51* 9' N., longitude i6* 3' "W., sun's magnetic amplitude W. 8° 26' N. ; required the 
Tariation. 

Ship date, Feb. \(A 4^57»a42» Decl. 1 6th, 12° 12' 39^8. 

Long. i6*» 3"W. 4" ' 4 '2 ^1^> ^^ 5^ 4* S. 

Gieen. date, Feb. 16 6 i 54 20 58 log. 0587 

' 6^ 2™ log. 5997 

5 16 log. 6584 
12 12 39 S. 

Red. decl. 12 7 23 S. 

Declination 12** 7' 23* sine 9*322245 
Latitude 51 90 secant 0-202536 

sine 9-524781 
(p.m. and S, ded.) True amplitude W. 19® 33' 37" S. 

Mag. amplitude W. 8 26 o N. 

Variation 27 59 37 W., the tnte amplitude 

being to the left of magnetic. 

Ex, 3. 1865, April 1 3th, at 5^ 47"^ 20" a.m. apparent time at ship, latitude 20** 2' N., 

longitude 107^ 56' E., sun's magnetio amplitude E. by N. 

T 
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Ship date, April i2<* i7^47»20" Ded. 12th, 8*47' 34* N. 

Long. 107° 56' E. — 7 II 44 13th, 9 9 20 N. 

Green. datOi April 12 10 35 36 ^21 46 log. 0424 

iob36m log. 3549 

9 37 log- 3973 
8 47 34 N. 



Bed. decl. 8 57 11 N. 

Declination 8^*57' 11' sine 9*192080 
Latitude 20 2 o secant <}-o27io6 

sine 9*219186 
f A.M. and N. ded.) True amplitude E. 9* 32' 6*N. 
(E. I point N.) Mag. amplitude E. 11 15 o N. 

Variation i 42 54 E., the frM« amplitude being 

to the right of magnetic, 

Ex. 4. 1865, June loth, at 4^ 45°* p.m. apparent time at ship, latitude 36'' 42' S., 

longitude I2cP 30' E., magnetic amplitude N,W, f W. 

(Page I, N.A.) 
Ship date, June io<* 4^45"* Decl. 9th, 22* 57' 52* N. 

loth, 23 2 34 N. 

or June 9 28 45 

Long. 120" 30' E. — 82 442 log. 7081 

2o*»43"» log. 0639 



Green, date, June 9 20 43 



4 3 log« 7720 

22 57 52 N. 



Bed. ded. 23 i 55 N. 
Declination 23** i' 55^ sine 9*592448 
Latitude 36 42 o secant 0*095947 

sine 9'688395 
P.M . and N. ded.) True amplitude W. 29° 12' 27" W. 
• 3i ^0 Mag. amplitude W. 36 33 45 N. 



^' 



Variation 7 21 18 W,, because the true 

amplitude is to left of magnetic, 

Ex. 5, 1865, July 3i8t, at 4^ 26™ a.m. apparent time at ship, latitude 46** 3' N., 

longitude 165* 58' W,, sun's magnetic amplitude E. 14* 4' N. 

The Greenwich date, July 31'* 3** 29" 52". 

Ded. 31st, 18* 13' 15* N. ; and decl. 32nd, 17® 58' 13* N. ; daily var. 15' %" ; 

corr. — 2' 12* ; Med. ded, 18* 11' 3* N. 

Declination 18° 11' 3" sine 9*494255 

Latitude 46 3 o secant 0*158622 

sine 9-652877 
(a.m. and N, decl.) True amplitude E. 26" 43' 17' K. 

Mag. amplitude E. 14 4 o N. 



Variation 12 39 17 "W., the true amplitude 

bein^ to the left of magnetic. 
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Ex. 6. 1865, Sept. 23rd, at 6^ 0°^ a.m., apparent time at ehip, latitude 24° 40' B., 
longitude 73^ 15' E., sun's magnetic amplitude E. lo** 40' S. 

(Page I, N. A.) 

Ship date, Sept 22^ 18^ o«a Decl. 22T)d, o** 12' 47* N. 

Long. 73° 15 E. — 4 53 23rd, o 10 37 S. 

Green,date,Sept.22 13 7 23 24 S. log. 01 10 

ijh ^m log. 2624 

•— 12 47 S, log. 2734 
o 12 47 N. 



000 



The declination being o^, the true amplitude is o'* or E. 0° o', whence the 
variation is 10^ 40' W,, because the true amplitude is to left of magnetic, 

Ex. 7. 1865, Dec. loth, at 8^ 27"^ a.m. apparent time at ship, latitude 54° 35' N., 
longitude 53° 15' W., sun's magnetic amplitude S. by E. 

Ship date, Dec. 9^ 20^ a7«» Decl. at noon, loth, 22° 57' 23" S. 

Long.53»i5' W. + 3 33 

Green, date, Dec. 9 24 o 

or Dec. 10 o o 

Declination 22® 57' 23* sine 9*591098 
Latitude 54 35 o secant 0*236933 



sine 9-828031 

18' 3*S. 
points S.) ' " E. 78 45 o S. 



(▲.M. and S. ded.) True amplitude E. 42<> 18' 3^ S. 
(E.7 "^ ~ 



Variation 36 26 57 "W., the true amplitude 

being to the left of magmtic. 

# 

Ex. 8, 1865, December 20th, at 4^ 31™ p.m. apparent time at ship, lat. 41** 12' K., 
longitude 1 10* 45* E., sun's setting amplitude S.W. by W. 

The Greenwich date, December 19^ 21'* 8». 

Ded. noon 19th, 23* 26' o* S. ; decl. 20th, 23° 26' 51* S. ; daily var, + o' 51" ; 

corr, + o' 45" ; Ited, decl. 23° 26' 45" S. 

Declination 23* 26' 45" S. sine 9'599754 
Latitude 41 12 o secant 01 23543 



sme 9*723297 
(p.m. and S. decl.) True amplitude W. 31*55' 30" S. 
(W. 3 points S,) Mag. amplitude W. 33 45 o S. 

Variation i 49 30 E., the <yM^ amplitude Loin 

to ihe right of magnetic^ 
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Ex. 9. 1 865, November i5tli, at 6^ 45™ p.m. apparent time at ship, latitude 3 1* 56' N. 
longitude 75° 30' W., sun's setting amplitude W. 15** 40' 8. 

The Greenwich date, November 15*^ 1 1^ 47"*. 

Ded. noon 15th, 18' 34' 37* S, ; decl. i6th, 18** 49' 41" 8. ; daily var, 15' 4* : 

corr. -1- 7' 24*; Red. ded, 18* 42' i' S. 

Declination 18*42' i"S. sine 9*505987 
Latitude 31 56 o secant 0*071264 

sine 9'57725i 
(p.m. and S, decl,) True amplitude "W. 22® 1 1' 49* S. 

Mag. amplitude W. 15 40 o S. 

Variation 6 31 49 W,, the ^rwtf amplitude being 

to the left of magnetic 

Ex. 10. 1865, July 20th, at 7^ 0°^ p.m. apparent time at ship, latitude 340 51' S*, 
longitude 172** 28' E., sun's magnetic amplitude W. by N. ^ N. 

The Greenwich date, July 19* 19^ 30™ 8". 



Decl. 19th, 2o« 49' 6* N. ; ded. 20th, 20° 37' 57* N. ; daily var. — n' 9^; 

corr. — 9' 4* ; Bed, decl, 20** 40' 2* N. 

Declination 28*40' 2" sine 9*547700 
Latitude 34 51 o secant 0*085842 

sine 9*633542 

fp.M* and N. decl.) True amplitude "W. 25* 28' 20* N. 
(W. I J point N.) Mag. amplitude W. i6 52 30 N. 

Variation 8 35 50 E., the ^rt^ amplitude being 

to the riffht of the magmtie. 

Ex. II. 1865, May 6th, at 5^ 30"* a.m. apparent time at ship, latitude 50° 50' N., 
longitude 47* 12' E., sun's rising amplitude E. J S. 

The Greenwich date, May 5^ 14^ 2i« i2». 



Decl. 5tii, 16* 20' 10' N, ; decl. 6th, 16* 37' 4^ N, ; daUy var. + 16' 54*; 

corr. + 10' 6" ; Med, decl. i&* 30' 16* N. 

Declination 16* 30' 16" sine 9*453455 
Latitude 50 50 o secant 0*199573 



sine 9*653028 

B'53*'N. 
(E. J S.) Mag. amplitude E. 2 48 45 S. 



rA.M. and N, decl.) True amplitude E. 26*43' 53*?^ 



Variation 29 32 38 W., the true aznplitode 

being to the ^ of magfneti9. 
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Examples por Fbaotioe. 
In each of the following examples the variation is required : — 



KO. 


CIVIL SATS. 


APP.TmS. 


LATITUDE. 


LONOITVDK. 


I. 


1865, 


, Jan. 27th, 


6'»55"4o*A»M. 


35''42'N. 


I2«52'W. 


2. 


ff 


Feb, i7tli, 


6 48 P.M. 


34 57 N. 


40 8 E. 


3' 


»> 


March 29th| 


5 50 A.M. 


25 50 S. 


127 35 W. 


4- 


>» 


April 5th, 


6 15 P.M. 


20 20 S. 


^55 30 E. 


5- 


ti 


March 5th| 


6 22 A.M. 


41 2 N. 


22 W. 


6. 


tf 


May 26th, 


7 56 A.M, 


51 22 8, 


48 E. 


7. 


II 


June 2nd, 


882 P,M. 


52 30 N. 


27 6 W. 


8. 


99 


July 14th, 


6 50 58 A.M. 


28 59 S. 


Ill II W. 


9- 


II 


Aug. 27th, 


5 44 P.M. 


21 4 S. 


36 19 E. 


10. 


l» 


Sept. 8th| 


5 47 A.M. 


24 22 N. 


57 30 W. 


II. 


II 


Oct I at, 


5 48 50 A.M. 


42 44 S. 


175 15 w. 


12. 


II 


Sept. ijrdf 


600 A.M. 


56 41 s. 


73 15 E. 


i3« 


II 


Nov. 3ro, 


6 34 p,M. 


29 20 S. 


136 35 E. 


14. 


II 


Dec. 4th, 


7 56 48 P.M. 


49 59 S- 


160 45 E. 


15- 


99 


March 20th, 


600 P.M. 


55 10 N. 


60 32 E. 


16. 


99 


Sept, 22nd, 


600 P.M. 


60 I S. 


106 45 W. 


17- 


}9 


June lothy 
Feb. 26ih, 


600 A.M. 





10 21 W. 


18. 


99 


7 49 A,M. 


62 5 N. 


12 52 w. 


19. 


II 


April 30th, 


6 28 12 P.M, 


24 58 N. 


138 52 w. 


20. 


II 


May 27th, 


7 40 P.M. 


47 40 N. 


148 3 W. 


21. 


II 


June 1 6th, 


460 A.M. 


47 30 N. 


50 20 w. 


22. 


II 


March 6th, 


6 14 P.M. 


31 24 S. 


2 10 E. 


33- 


II 


Oct. ist; 


5 49 A,M. 


42 10 S. 


45 33 E. 


24. 


II 


June ist, 


3 52 P.M, 


52 30 S. 


24 50 W. 



SXTN's MAO. AMP. 
S.E. 

W.S.W. 

E. by S. } S. 
W. 

S.E. } E, 
E 

N. byW.JW. 

N.E, } E, 

N.W, by W. 

E 

e! by N. J N. 

W, by S. i 8. 
W, by 8. 1. 8. 
N. W. } W. 
W. 

E. JN. 
8, S.E. 
W.IN. 
W. by. N, 
E. 8° 26' N. 
W. i6*» 52 N. 
E, by S, 
W,byN,JN. 



ON FINDING THE TIME OE HIGH WATEE. 



In the Nautical Almanac the mean time of high water at London 
Bridge is given for every day of the year, on the assumption that the 
time of high water on the days of frill and change, or as it is termed, 
theEsTABLiSHMENT OF THEPoKT(seeNautical Almauac for 1 865, page 488) 
is 2^ 7"*. The first high water which occurs after mean noon of each day 
is inserted in the first colimin, and the second in the second column. 

Where a line ( ) is inserted, it indicates that there is only one high 

water on that day. Thus, on 1 865, January 8th, there is only one high 
water: it occurs January 8th, at 11** 33*" (p.m.); but the succeeding 
high tide does not take place until o*" 6"* after mean noon January 9th. 
The time given, it will be observed, is expressed in astronomical time. 
Again, on February 7th, 1865, there is only one high tide : it occurs at 
February 7"^ i%^ z8" astronomical time; i.e.f li^ 28"" past the noon of 
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the 7th, whicli is o** 28" past midnight, or expressed in civil time it is 
February 8** o^ 28" a.m. Immediately following the Table just referred 
to, is another in which is registered the Establishment for nearly one 
hundred important stations (pages 490 and 49 1), under the heading 
" Time of High "Water on the Full and Change of the Moon." Hence 
may be deduced the time of high water for any day at the given place. 

FntsT Method. — ^By Nautical Almanac. 

RULE LI. 

i^. Take out of Nautical Almanac (page 490, for 1865) the establish' 
tnent of the port, or the time of high water on the full and change of the 
moon, at the given place and also at London Bridge. 

2°. Take the difference of these two qua/ntities, and mark it + when the 
establishment of port at the given place is more than that at London 
Bridge, but mark the difference — when the establishment of port at the given 
place is less than at London Bridge. 

3®. Take the times of high water at London Bridge for the given day 
from the Nautical Almanac (pages 488, 489, for 186^.) 

The morning tide is found in the second column and opposite the preceding day of 
the month, the time thus given being diminished by 1 2^. The afternoon tide is found 
in the first column, opposite the given day of the month. If a blank occurs in either 
column, use the tide preceding instead when the diflference found by Bule 2° is marked 
-f-) but use the tide following the blank when the difference is marked — . Be sure 
to annex the letters a.m. or p.m. to the tides so taken out. 

4°. To the times of high water at London Bridge apply the difference, 
or constant, adding or subtracting said difference according as it is marked 
'\'or — ; the restdt in each case, «/less than 12^, is the a.m. and p.m. 
tides respectively » 

(a) When the simi of the constant and the A.ii. London Bridge tide 
exceeds 1 2^, deduct 12^; the remainder is P.ii. tide at the given place. 
To obtain the a.m. tide at the place, if any, add the constant to the London 
Bridge tide preceding, that is, the afternoon tide of the day before ; or if the 
simi is less than 1 2**, it is the p.m. tide of the day before, -and there is 
no A.M. tide that day at the given place ; but if the sum exceeds i z^ 
deduct I2^ the remainder is a.m. tide sought. 
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(b) WTien the eomtant added to London a.m. tide is less iJian 1 2^, hut 
when added to London p.m. tide preceding exceeds 1 2^ there is only an a.m. 
tide at the given place on that day, 

(c) When the constant is subtractive and exceeds the London a.m. tide^ 
reject this last, and use the p.m. London tide following. If the constant 
being subtractiye exceeds London p.m. tide, 1 2^ must he added to this last 
he/ore subtraction is made; the remainder will he a.m. tide at given place. 
For the T,u,_tide use the following London tide, that is the morning tide 
ofuffsi day, borrowing iz^ if constant exceeds tV, the remainder is p.m. 
tide at given place, 

(d) If constant being subtractiye exceeds the London a.m. tide, hut is 
less than the London p.m. tide, there is only a p.m. tide at tlie given place on 
that day, 

(e) If when constant is subtractive the London p.m. tide has to he increased 
12^ hut constant is less than the London a.m. tide following: there is 
only an a.m. tide at the given place that day. 

Examples* 

Ex. I. 1 865, January i ith: required the times of high water at Shields, a.m. and f.m • 

Establishment of Fort at Shields, pa^e 491, N.A. 3^23°^ 
„ „ London Bridge ...... 2 7 



Time H. W. London Bridge, 
Jan. loth, 13** 32™, or 1 ith, i^ 32=^ a.m. 
Difference -{' i i6 

Time H.W. Shields, i ith . . 2 48 a.m. 



Difference -(- i 16 

Time H.W. London Bridge, 

nth i^55"p.M. 

Difference -|- i 16 

Time H. W. Shields, nth, 311 p,m.^ 



Ex. 2, 1 865, Fehruary 15 th : find the^times of high water at Chatham, a.m. and p.m. 

Establishment of Fort at Chatham i^ 2°^ 

„ „ London Bridge . . 27 

Difference — 15 

Time H. W, liondon Bridge, 
Feb. 14th, 16^ 48'n, or . . 
Difference — 



4^48" A,M. 

I 5 


'nme J±. W. London Uridge, 

15th 5^ 3!^TM. 

Difference — 15 


3 43 -^'M, 


TimeH, W.Chatham, 15th 3 58 p.m. 



Time H. W. Chatham, 15th 

Ex. 3. 1 865, March 6th : find the a.m. and p.m. tides at Liverpool (St. George's Fier). 

Establishment of Fort, Liverpool Dock .... 1 1^23" 
„ „ London Bridge .... 2 7 

Difference -H 9 '^ 
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Time H. W. London Bridge, 
5th, 2o*» 37", or 6th .... 8*»37« ajl 
Diflference 4" 9 ^^ 



»7 53 
— 12 o 



Time H. W. livetpool, 6tli 5 53 p.m. 



To find the A.ic tide at liverpool we 
must use the preceding London Bridge 
tide, — yiz., that from the first colmnn on 
the 5th, thus : — 

Time H. W. London Bridge, 

5th 8^ o"pj(. 

Difference '■{' ^ 16 

17 16 P.M. 

— 12 o 



Time H. W, Liverpool, 6th 5 16 a.m. 
Ex. 4. 1865, June 2i8t : find the times of high water at Beaumaris, ajc. and p.m. 

Establishment of Fort, Beaumaris * ic^32<> 

„ „ London Bridge .... 2 7 

Difference -(- 8 25 

For the p,m. tide at Beaumaris, take 
out the tide opposite the given date and 
in the first column, thus : — 

Time H. W. London Bridge 

(first column) 21st c^ 14*" p.m. 

Difference + S 25 

Time H.W. Beaumaris, 2 ist 8 39 p.m. 



Time H. W. London Bridge, 

3oth, ii*» 43"» 1 1^43» P.M. 

Difference 4" ^ ^5 

Time EL W. Beaumaris, 20th 20 8 p.m. 

— 12 o 



Or 2ist, 8 8 A.M. 



The second column opposite the preceding date, which is the one usually taken out, 
being Umk^ and the difference being marked •■{•, we must use the preceding tide 
88 above. 

Ex 5. 1865, May 22nd : find the times of hig^ water at Greenock. 

Establishment of Fort, Qreenock .... o*^ 8" 
„ „ London Bridge. 2 7 



Time H. W, London Bridge, 
2iBt, 23>^ 40", or 22nd . . 11^40°^ A.M. 
Difference — i 59 

TimeH.W. Greenock, 22nd, 941 a.m. 



Difference — i 59 

Time H. W, London Bridge, 

22nd, i2^9>>. 12^ 9''pjc. 

Difference— i 59 

Time H.W. Greenock, 22nd, 10 10 p.m. 

The first column opposite the given day 
being blank, the next tide is employed. 



Ex. 6. 1 865, May 8th : find the times of high water at Dunkerque, A.M. and p JC 

Establishment of Port, Dunkerque o*^ 8°^ 

„ „ London bridge .... 2 7 

Difference — i 59 



nSDWO TIME OF HIGH WATEB. 



HS 



The time of H. W. at London Bridge 
on the mominff of the 8th is o^ 32°^, 
whence it is eviaent, if we subtract from 
it the difference above, viz., 1^ 59™, the 
remainder is p.m. of the 7th ; we must 
therefore employ the p.m. London Bridge 
tide, borrowing + 12^, in order to enable 
us to complete the subtraction, thus : — 

Time H. W. London Bridge, 

8th, 4-12^ I2h5i»p.M. 

Difference — i 59 



"We now use, in order to find the after- 
noon tide at Dunkerque, the tide found 
in the second column and opposite the 
given day, thus : — 

Time H. "W. London Bridge, 

8th, 1 3'» 33™, or 9th .... i*» 1 1» A.M. 
Difference — i 59 

Time H. W, Dunkerque, 8th 11 12 p.m. 



Time H, "W. Dunkerque 8th 1052 a.m, 

Ex. 7. 1865, July 20th : find the a.m. and p.m. tides at Tay Bar. 

Establishment of Port, Tay Bar 2^ 6» 

„ „ London Bridge .... 2 7 



Time H. W. London Bridge, 

July 20th , . o^ 2™ p.m. 

Difference — o i 



Time H. W. Tay Bar, 20th o i p.m. 



Difference — 01 
There is no morning tide at London 
Bridge, a blank occurring in that column. 
It is evident there is also no a.m, tide at 
Tay Bar. 



Ex. 8. 1865, December 29th : find the times of high water at the Downs Stream, 
A.M. and P.M. 

Establishment of Port, Downs 2^30™ 

London Bridge .... 2 7 



jt 



ft 



Time H. "W. London Bridge, 
Dec. 28th, 23*» 10", or 29th 1 1^ 10™ a.m. 
Difference -J- o 23 

Time H. W. Downs, 29th 11 33 a.m. 



Difference + o *3 

Time H. W. London Bridge, 

Dec. 29th I ii^44<np.M. 

Difference 4*023 

Time H. "W. Downs, 29th. , 12 7 p.m. 

30th.. o 7 A.M. 

Whence there is no p.m. tide, as it flows 
past midnight (i2*» 7" p.m.) 

Ex. 9. 1865, November 15th : find the a.m. and p.m. tides at Dunbar. 

Establishment of Port, Dunbar 2^ 8" 

„ „ London Bridge .... 2 7 



Time H. W. London Bridge, 

14th, 11^53™ P.M II»>53'»P.M. 

Constant +01 



Constant -|- o i 

Time H. W. London Bridge, 

15th o»»i8»p.M. 

Constant -|- o i 

Time H. W. Dunbar, 15th o 19 p.m. 



Time H. W. Dunbar, 14th. . 1 1 54 p.m. 

No A.M. tide. 

A blank occurring in the second column of the preceding date, and the constant 
being additive, the tide preceding the blank is employed to find the a,m. tide, but 
since the sum of constant and London tide does not amount to 12^, it gives the p.m. 
tide at given place on preceding day, whence it is evident there is onl^ a p.m. tide on 
that day at the given place, 

V 
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Examples fob Pbaotioe. 
In eacli of the following examples it is required to find the times of 



liigh water, a.m. and p.m. : — 



NO. CIVIL DATS. PLACE. 

I. 1865, Jan. 6tli, Brielle. 

Feb. 2i8t, Goree West Gat. 
Mar. 1 6th, Arundel Bar. 
April 2ist, Cork Harbour. 
May 23rd, 
April 7tli, 
Feb. 25th, 
July 1 6th, 
Aug. 3i8t, 
Oct. 30th, 



2 

3 

4. 

5 
6 

7 
8 

9 
10, 






Cuxhaven. 

Tay Bar. 

Nieuport, 

Sunderland. 

Harwich. 

HuU. 



NO. 
II. 
12. 

14. 

15. 
16. 

17- 
18. 

19. 

20. 



CIVIL DATE. 

1865, Nov. 19th, 
„ July 22nd, 
June 6th. 
July 20th, 
Nov. 17 th, 
Mar. ist. 
Mar. ist, 
Nov. ist, 
Nov. 5th, 
July ist, 



if 
if 

99 

99 



PLACE. 

Needles Point. 

Dunkerque. 

Montrose. 

Dublin Bar, 

Greenock. 

Aldborough. 

Aberdeen. 

Burntisland. 

Caldy Island. 

Newport. 



Second Method. — By Admiralty Tide Tables. 

These Tables published annually, give the time (a.m. and p.m.) of hiffh 
w<Uery and the height of tide for everi/ day in the yewr at the following 
places, viz. : — BreBt^ Bevonport, Fortsmouthy Dover, Sheerness, London, 
Sarwich, Hull, Sunderland, North Shields, Leith, Thurso, GreenocTc, 
Liverpool, FembroJce, Weston-super-Mare, Solyhead, Kingston, Belfast, 
Londonderry, Sligo Bay, Galway, Qmenstown, and Waterford. 

Thus, wishing to know the time of high water at Devonport on the 
morning of October 9th, 1864,— on turning to ^^ November, ^^ under the 
head of *^ Bevonport,^* it is seen at a glance that high water takes place 
at 10^ 49*^ A.M., and that the height of tide is 12 feet 9 inches above the^ 
mean low water level of spring tides. Similarly, . desiring to know the 
particulars of the tide at Brest on the morning of November i6th, 1 864, 

the mark shows that no tide occurs in the morning of that day ; 

there will be a high water at 1 1** 32" p.m. on the loth, and again at 
o^ 8" P.M. {i.e., 8°^ past noon) of the i ith, but none in the interval. . 

EULE LH. 

If the place at which the time of high water is required be not a standard 
port, it is to be referred (if in the west of Europe J to a standard port, by 
adding or subtracting a certain constant to the time of that standard port, 
as directed in the Tables, 

In pages 103 to 108 of the Admiralty Tables, 1864^ will be found 
upwards of two hundred ports on the coasts of the United Eongdom, 
and in Europe, for which standard ports of reference are given, and 
the time which is to be added to or subtracted from the time of high 
"^ater at such standard port. 
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Examples. 

Ex, I. 1864, October i ith : find the times of high water, a,m. and p.m. at Needles 

Point. 

- Port of reference — Portsmouth 7^ 19™ a.m. 7^57™ p.m. 

Constant for Needles — i 55 — i 55 

Times H."W. Needles, Oct. nth, 5 24 a.m. 6 2 p.m. 

Ex. 2. 1864, October 8th : find times of high water, a.m. and p.m., at Bordeaux, 

Port of reference— Brest, H. W. Nov. 8th, 8^ 8«a.m. 8^1° p.m. 

Constant for Bordeaux +33 4" 3 3 

Times H. W. Bordeaux, Not. 8th • 11 11 a.m, h 44 p*m. 

Ex. 3. 1 864, October loth : find times of high water, a.m. and p.m., at Cherbourg. 

Port of reference — ^Brest, H. W. Oct. loth, 10^49"* a.m. 9*^> ^^ 3"* p.m. 

Consteuit for Cherbourg + 42 4-42 

14 51 14 5 

— 12 o — 12 o 



Times H. W. Cherbourg, October 8th .... 2 51 p.m. 2 5 a.m. 

Since by adding the constant to the morning tide at Brest it becomes p.m. tide at 
Cherbourg, we must employ the p.m. tide at Brest of the day before to find the a.m. 
tide at Cherbourg. 

Ex. 4. 1864, October 8th : find a.m. and p.m. tides at Portland Breakwater. 

In this case the standard port of reference is Portsmouth ; and the first tide at 
Portsmouth occurs at 3** 37°^ a.m. (».«., 3'* 37" after midnight), consequently, since 
Portland constant shows tiiat the tide there occurs 4*> 40™ earlier than at Portsmouth, 
and that quantity subtracted fix)m October 8«* 3*> 37" a.m. would give a p.m. tide of 
the 7th at PorUand ; there£ore we use Portsmouth tide of the 8th p.m. and of the 
9th A.M., thus — 

Time H. "W. Portsmouth, Oct. 8th . . 4^ 5" p.m. 9th, 4^37'» a,m. 

4- 12 o 4" '2 o 

16 5 16 37 

Constant for Portland — 4 40 — 4 40 



Times H. W. Portland B'kwater, 8th 11 25 A.M. 8th, 11 57 p.m. 

Tti each case 12^ is borrowed to enable the subtraction to be completed. 

Ex. 5. 1864, October loth: find a.m. and p.m. tides at Falmouth. 

The standard port of reference is Devonport. A blank ( — ) occurs in the morning 
column of the loth, we therefore use the next tide (as the constant is subtractive), 
-viz., the p.m. tide, 12^ being added to enable us to complete the subtraction, thus : — 

Time H. W. Devonport, Oct. loth, o^ 1 3" p.m. (next tide) i ith, 0^58" a.m. 

-j- 12 o Constant — o 46 

12 13 nth, o 12 A.M. 

Constant for Falmouth — 46 

Times H. W. Falmouth, Oct. loth, 11 27 a.m. 

Hence there is no p.m. tide on the loth at FaloioutlL 
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Ez. 6. 1864, July 18th : find the a.m. and p.m. tides at Flushing. 



Time H. W. Dover, July 1 8th ... . 9^57" a.m. 
Ck>n8tant for Flushing •{• 2 i 



12 o 



17th, 9*»30"p.M. 
4- 2 8 

17th, II 38 P.M. 

No morning tide on 
July 18th. 



TimeRW. Flushing, July 18th o 5 P.M. 
Ex. 7. 1864, August 26th: find a.m. and p.m. tides atMilford Haven (entrance), 



Time H. W. Pemhr6ke, 26th, 6^ 15" a,m. 

Constant — 20 



27th, o»>55™p,m, 
— 20 



No A.M. tide, 26th, o 35 p.m. 

Ex. 8. 1864, December 30th : find a.m. and p.m. tides at Bamsey. 



Time H, "W . Holyhead, 30th, io»>53« a.m, 

Oonstsmt 4- i i 

Time H. W. Bamsey, 30th, 1154 a,m. 

No P.M. tide at Bamsey. 

Examples fob Pbaotice. 



30th, II^I3«» P.M. 

12 14 

31st, O 14 A.M. 



Li each of the following examples it is required to £nd the times of 
high water, a.m. and p.m. : — 



KO. CnriL DATE. PLACE. 

I. 1864, Jan. nth, Gherhourg. 

Feb. 15th, Aberdeen. 

Mar. 17th, Tynemouth Bar. 

Mar. 28th, Yarmouth Beads. 

May 30th, Flambro' Head, . 

Nov. 5th, Stromness. 

„ Aug, nth. Limerick. 

Aug. 12th, Sligo. 

Nov. ist, Dublin Bar. 

Dec. 2ist, Cardiff. 

Dec. 23rd, Lundy Island. 

Aug, 5th, Soutluunpton. 



2. 




3- 




4. 




1: 




7- 
8. 




9- 




10, 




II. 




12, 





NO. CIVIL DATE. PLACE. 

13, 1864, Dec. 8th, Fadstow. 

Sept. 191^1, Needles Point. 

Aug, 28th, Dundee. 

July 12th, Bordeaux. 

April 1 8th, Gibraltar. 

July ist, Falmouth. 

July 20th, Beachy Head. 

Sept. 4th, Beaumaris. 

July nth, Swansea. 

June 26th, "Wexford. 

„ June 2 ist, Douglas (I. Man). 

April 14th, King's Boad. 



14. 


M 


15- 
16. 


If 
it 


17. 
18. 




19. 


a 


20. 


it 


21. 


tt 


22. 


» 


23. 


ft 


24. 


tt 



TO FIND THE TIME OE HIGH WATER AT 

FOREIGN PORTS. 

In pages 149 to 2021 of Admiralty Tide Tables for 1864, are given the 
times of higli water at full and change, by wbicli we are enabled to 
calculate approximately the time of high water on each day. The 
constant is found by taking Brest as the standard port, at which place 
the time of high water, full and change, is 3^ 47". The difference be- 
tween the full and change at the given port and Brest will be the constant, 
to be employed as in the preceding Rules, except if there be a great 
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difference of longitude ; in which cajse the correction for the moon's 
meridian passage must be employed, since for the greatest longitude 
this correction may amount to half an hour. Should the longitude, 
however, not exceed 5°, it may be neglected, as doing so wiU scarcely 
make more than a difference of one minute. It must also be observed 
that the longitude of Brest is about 4^^° "W". of Greenwich, and in strict- 
ness, therefore, in determining this correction 4° shotdd be subtracted, 
if the longitude of the place be east ; or added if it be west. The cor- 
rection is found in Table XYI, Norie, or Table XXVlll, Eaper. 

Examples. 



Ex. I. 1864, January 2nd : required the times of high water at Victoria Biver, 
longitude 1300 E, 

Time of H, W. full and change, Victoria Eiver, 7^ i5'» 
„ „ Brest 3 47 

Constant •■{• $ iS 

]) 's Transit, 2nd, 5^47" a. M. Long. Victoria Eiver 130* E, 
ist, 54 — 4 

43 126 E, 

Under 43™ and against 130° longitude, in Baper, Table 28, or Korie, 16, we find 
15™ to be subtracted, because the longitude is E, 



TimeH.'W. at Brest, 2nd, 8»»37«a,m. 

Ck>nstant 4- 3 ^^ 

" 5 
Correction for longitude — o 15 

Time H. W. at Victoria! „ ^^ . w 

Biver,2nd, I " ^° ^•'*- 

No P.M. tide. 



Time H, W. Brest, 14th, . . g"^ y^ P.M. 

Constant 4- 3 28 

12 31 
Correction for longitude — o 15 

12 16 P.M. 



Time H. W. at Victoria \ ^ ,/: ^ w 
Biver,3rd ) ° '^ ^•^• 



Ex. 2. 1864, November 5th : find the times of high water at Sandy Hook, longi- 
tude 74" W. 

Time of H. W. full and change, Sandy Hook .... 7^29» 

Brest 3 47 



» 



t> 



5 's Transit, 5th, 4^ 5 1« 
6th, 5 44 



Constant + 3 42 
Long, Sandy Hook, 74° W. 

+ 4 



53 78 W. 

53*B and lODi^tade 74^ give coxreotion ii^, to be added because longitude is W. 
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Time H. W, Brest, 5th .... 7^ i»a.m.. 

Constant -(- 3 42 

10 43 
Coirection for longitude -|- 11 



Time H,"W. Sandy Hook, 5tli 10 54 a.m. 



Time H. W. Brest, jth .... 7^ 29™ p.m. 

Constant 4~ 3 4^ 

II II 
Correction for longitude 4~ ' ' 



Time H. W. Sandy Hook, 5th 1 1 2 2 p.m. 



Ex. 3, 1 864, July 2nd : required the times of higli water at Nelson, New Zealand, 
longitude 173** E. 

Time of H. W. fall and change, at Nelson ...... 9^50^ 

,9 »» Brest 3 47 



Constant 4" ^ 3 
> *B Transit, 2nd, i6''46™ a.m, 

ist, 9 54 Under 52" and opposite 169° in Table 

16, None, or 27, Eaper, stands correc- 

52 tion 24™ to be subtracted. 



Time H. W. Brest, 2nd .... 2^23" a.m. 
^ Constant 4" ^ 3 

8 26 
Correction for longitude — 24 

Time H. W. at Nelson, 2nd 8 2 a.m. 



Time H. W. Brest, 2nd .... 2^45»p,m. 

Constant 4-^3 

8 48 P.M. 
Correction for longitude — 24 

Time H. W. at Nelson, 2nd 8 24 p.m. 



Ex. 4. 1864, August 4th: find times of high water at Cape Virgin, Strait of 
Majellan, longitude 6$** W. 

Time of H. W., fiill and change, Cape Virgin . . 8^ 30™ 

Brest 3 47 

Constant + 4 43 
]) *s Transit, 4th, 1^22™ 

5 th, 2 4 42» and long. 72° W., give corr. 4- S*". 



42 

Time H. W, at Brest, 4th, . . 4^40" a,m. 

Constant 4- 4 43 

9 23 
Correction for longitude . . -|- 8 

Time H.W. Cape Virgin, 4th, 9 31 a.m. 



Time H. W. at Brest, 4th, . . 4^55"* p.m. 

Constant -^ 4 43 

9 38 
Correction for longitude 4" ^ 

Time H.W. Cape Virgin, 4ih, 9 46 p.m. 



Examples fob Practice. 

Ex. I. 1864, July 22nd : find the times of high water at Caracas Biyer, Ecuador, 
longitude 67* W. 

Ex. 2. 1864, September 29th: find the times of high water at Auckland, New 
Zealand, longitude 175** E. 

Ex. 3. 1864, September 12th: find the times of high water at Point de Galle 
longitude 8o« E. 

Ex. 4. 1864, August 27th: find the times of high water at San Francisco Bay, 
longitude 122° W. 
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Thibd Method. — (Bequired by the Local Marine Board at Aberdeen.) 

Gtiven the apparent time of change tide, and the longitude of the 
. place, to find the mean time of high water, a.m. and p.m. 

EULE un. 

1°. Tahe out of the Nautical Almanac the moon's meridian passage on 
the given dai/, and also on the preceding dat/; also the moon^s semi-diameter ^ 
and equation of time, for the given day (roughly J, 

2°. Under head (i; 2, and 3, see examples) put down the following 
quantities : — 

Under 1 . The time of moon^s meridian passage on proposed day, as found 

in the Nautical Almanac. 
„ 2. Put doum half the sum of these times (see examples). 
„ 3. The meridian passage on preceding day , 

f. Correct quantity {i)ly Table XVI, None), ly entering with longi- 
tude of place at top, and difference of times under (i) and {^) at the side; 
thus find the time of moon^s meridian passage at the place. Take out the 
corrections from Table (XXIX, None) and place it under (i). This cor- 
rection is found as follows : — JEnter the Table at top with moon^s semi-diameter^ 
and at the side with moorCs meridian passage, under ( i ) corrected by equation 
of time to nearest minute, so as to reduce time of moon^s meridian passage, 
which is given in mean time to apparent time. 

4°. Apply the correction thus found with its proper sign, and to the given 
result add the given apparent time of change tide, 

(a) When the quantity under (i) is less than 12 hows. 

The time thus found is the mean time of high water, p.m., for the proposed 
day (see example i ). 

(b) When the quantity under {i) is greater than 12 hours, and less than 
24 hours. 

Work as described above, with meridian passage under {2). Then if the 
result is greater than 1 2 hows, reject 1 2 hows : the remainder is mean 
time of high water on the proposed day p.m., (see example 2). JSut if the 
result be less than 1 2 hours, it will be mean time of high water a.m. on the 
proposed day (see example 5). 

(c) When the quantity under (i) is greater than 24 hours. 

Work as described above, with the meridian passage under (3). Then if 
the result be greater than 24 hours, refect 24 hows : the remainder will be 
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the mean time of high water p.m. on the proposed day (see example 4). 
But if the result he less than 24 hours, and greater than 12 hottrs, reject 
1 2 hours : the remainder will he the mean time of high water a.m. on the 
proposed day (see example 5). . 

To find the next time of high water a.m. or p.m. If the time of 
high water found as above is the p.m. time, subtract therefrom the 
difference between the meridian passages under (i) and (2); the re- 
mainder will be the mean time of high water a.m. on the proposed day. 

5®. If the time of high water is the a.m. time, add thereto the difference 
between the meridian passages under (i) and {2), and the sum will he the 
mean time of high water p.m. on the proposed day. 

6°. If it he necessary to add 1 2 hours hefore this difference can he sub- 
tracted, in that case the remainder will he the mean time of high water p.m. 
on the preceding day ; there will he no high water a.m. on the proposed day. 
And if in adding the difference the sum he greater than 1 2 hours, this 
mm, r^'ecting 1 2 hours, will he the mean time of high wafer a.m. on the 
following day; there will he no p.m. on the proposed day. 

Examples. 

Ex. I. 1 865, January 6tli : find the times of high water, a.m. and p.m., at Shields, 

longitude 1° 25' W., change tide 3^ 23™. 

]) *8 mer. passage, or transit, Jan. 6^ 7^43" 

5 6 50 



a)o 53 
26 



(0 



7 17 



D 's semid. midnight, 

6tli, 15' 51*. 
Eq. time 6™. 
Sttb, from mean time. 



]) 's mer. passage 6<* 7^43™ 

Long, 1° and 53" (T. 16) . . o 



(2) 



f^h I'7lU 



(3) 



5h CO™ 



Mean time 7^43" 
Eq, time — 6 



6 7 43 



App. time 7 37 
7^37"and ]) *s semid. 15*5 1*' ) 

(Table 16) give / "" " 



Establishment 



6 7 32 
+ 3 23 



Time H. W. Shields 
Half daily change . . 



• ^ 10 55 r-M. 
. — 26 



Time H. W. Shields , 6 10 29 a.m. 
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Ex. 2. 1S65, October 31st : find the times of high water, a.h. and p.m. at HalifEuCy 
long. 64* W., change tide 8*>. 



]) *s mer. passage or transit, Oct. si** 9^32™ 

30 8 38 



J s mer. passage . . 9" 32" 
64*»W.ands4«(T.i6) + 9 



(^) 



2)0 54 
27 



9^ 5" 
+ 9 



X 's semid. midnight, 

16' 37". 
Eq. time i6". 
Added to mean time. 



(3) 



gi-SS 



m 



M. T. transit at ship 9 41 9 14 

•Mean time 9^ 14™ 
Eq. time + 16 

App. time o 30 
9^ 30°* and ^ 's semid. 16 37* + 36 



Change tide 



9 50 
+ 80 

17 50 
— 12 o 



Time H, W. Halifax 31 5 50 p,m. 
Half daily change — o 27 

Time H. W. Halifax 31 5 23 a«m. 
Ex. 3. 1 865, October 3 ist : find times of high water, change tide 2*> 2», long. 6o* E. 



j) *s mer. passage, or transit, October 3i<* 9^32™ 

30 8 38 



^ 's mer. passage 31^ 9^32™ 

54™ and long. 60P E. \ 
(Table 16) / "" 9 

M.T.transitatship3i8t 9 23 
Mean time 9^23™ 
Eq. time -f" '^ 



(») 



2)0 


54 




27 


9^ 5™ 


— 


9 



]) 's semid. midnight, 

16' 37" 
Eq. time 16™. 
Added to mean time. 



(3) 



S" 38 



m 



+ 16 
9 12 



8 56 



App. time 9 39 
9^ 39" and ]) *s semid. \ %_ ^c 9^ i2»and 16' 37" ) 1^ , ^ 
16' 37' (Table 29) / "T 3& (Table 29) . . / + 34 



9 59 
Change tide -\- z 2 



9 30 
2 2 



Greater than 12 hours. 



12 I Time H. W. 31 11 32 a.m, 

^ daily change + 27 



TimeH. W. 31 11 59 p.m. 
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Bi. 4. 1865, July 2i8t : find times of high water, change tide 5^ o™, long. 31* W. 
) 's mer. passage, July 2i<* 23^48™ 



20 22 56 
2)0 52 
26 



(i) (2) 23 22 

]) *8 mer. passage, 21st 23^48<» 
52» and long. 3 1** W. » , ^ 
(Table 16.) J + 4 



D 's semid. noon 22nd, 15' 27^ 
Equation time 6™. 
Subtract fix>m mean time. 



(3) 

]) *s mer. passage, 20th . . 22^56™ 
52™ and long. 31" W, (T, 16) + 4 



Mean time 23*>52™ 
Eq. time — 6 



23 52 



Mean time 23^ o" 
Eq. time — 6 



23 o 



App. time 23 46 
a3^»46™and ])'s semid ) _l ^ 
15' 27'' (Table i6*) / + 3 

^ ^3 55 

Changetidd.. -{- 5 ^ 

^8 55 
Oreater than 24 hours. 

Ex. 5. 1865, March 8th: find the times 
apparent time, longitude 70** E. 

]) 's mer. passage, or transit Mar 



App. time 22 54 
22^ 54m and 15' 27" (T. i6*) + 14 

23 H 
Change tide .... + 5 o 

28 14 

July 2ist, 4 14 P.M. 
— 26 



July 2ist, 3 48 A.M. 

of high water, change tide 2^ 1 8°* p,m. 



D 's semid. midnight, 

14' 56'. 
Eq. time 11™. 
Subtract from mean time. 



8d 

7 


8 49 


2)0 47 



> 's mer. passage, 8th ... . 9^ 36°^ 
47™ and long. 70P E. (T. 16) — 9 



(0 



23 
— 9 



(3) 



3^49' 



,m 



M.T. transit at ship, 8th.. 927 94 

M. T. 9^27« M. T. 9^^ 4" 

Eq.T.— II Eq.T. — II 

A. T. 9 16 A. T. 8 53 

9^ i6« and J) 's semid. \ _y_ ,^ 8^53™ &\j^ « 

14' 56% (T. 29) ] -r *° 14' 56* ) + '» 



9 47 
Change tide .... +2 '^ 



9 22 
-f 2 18 



Greater than 12 hours. 



12 5 Mar. 8th 1 1 40 a.m. 
J dly. ch. + 23 



12 3 



Mar. 9th o 3 A.M. 
1^0 P.M. on Mar. 8th. 
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Examples for Practice. 
Hequired lihe times of high water in each of the following examples :^ 
1865, JtJy 29th, long. 75° E. change tide 5*» 30" P.M. app, time. 



I. 

2. 

3- 

4- 

5- 
6. 



August 8tli, long. 40 W, 

May 2nd, long. 20 W. 

May 22nd, long. 120 E. 

July 2nd, long. 90 W. 

June 19th, long. 70 W. 



4 33 
6 40 

3 40 

5 30 
2 40 



P.M. 
P.M. 
P.M. 
P.M. 
P.M. 



>» 



FINDING THE LONGITUDE BY CHRONOMETEE. 



GEEENWICH DATE. 

When the error of a chronometer on Greenwich mean time, and also 
its daily rate, are known, we may determine Greenwich mean time at 
some other instant, as when an observation is taken, by the following : — 

EULE LIV. 

1°. To the time hy chronometer apply the original err or y adding it if the 
chronometer was slow, rejecting 24^ «/ greater than 24^ and putting the day 
one forward; hut if chronometer i^fast, subtract original error, increasing 
time shown hy chronometer hy 24^ if necessary , and putting the day one hach, 

2°. Multiply the rate of chronometer hy the numher of days elapsed since 
the original error was ascertained, and add thereto the proportionate part for 
the fraction of a day, found hy proportion or othenoise ; the result is the 
accumidated rate in the interval. 

3®. To the result found hy 1°, add the accumulated rate, if chronometer 
is losing ; hut subtract if gaining : the result will be mean time at 
Greenwich at the instant of observation. 

Examples. 

Ex. I. 1865, January 30th, p.m. at ship, time by chronometer 29** 15^' 47™ 48*'3, 
"which was lo"* 24»-7 slow on Greenwich mean time January ist, and losing i^'i daily ; 
required the Greenwich date hy chronometer. 

Time by chron. 29** i5^47"48-3» 



Original error 



J 



10 24*7 



29 '5 58 13*0 
Accumulated rate + i o'l 

Greenwich date 29 15 59 13*1 



Interval from 
January 1st to 
January 2Qth, 
I5^58'°,is28<*i6h 
nearly. 



Daily rate 



2*I» 

28 

168 
4» 



k 


d 




12 


{ 


58-8' 


4 


t'O 






•3 



6,0)6 fi' I 
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Ex. 2, 1865, March 20th, p.u. at ship, an ol>senratioxi was made when the time 
by chronometer was 2o<* o^ 7" 55% which was 50™ 5i» fcut on Greenwich mean time 
November 2i8t, and losing 6»-8 daily. 



Time by chron. 2o<i o'^ 7"55* 

or 19 24 7 55 
Unginal error — o 50 5 1 



19 23 17 4 
Accumulated rate 4~ ^3 ^9 



Nov. 30 days 
21 

"9 
Dec. 31 

Jan. 31 

Feb. 28 

Mar, 19 23 



Greenwich date 19 23 30 33 Intr. 118 23 



Daily rate 



6-8« 
118 



802*4 
-^ Prop, part 23*> 'S'S 

6,0)80,8*9 

^Acc, rate 13 28 9 



Ex. 3, 1865, September 8th, p.m. at ship, an observation was made when a chro' 
nometer showed 1^ 23^ 16" 28*, which was 57" 47* slow on Greenwich mean time 
June 30th, and losing 4«'5 ; find the Greenwich date by chronometer. 



Time by chron. 7<* 23^ i6«28» 
Original error + 57 47 

8 o 14 15 
Accumulated rate -)~ 5 ^5 

Greenwich date 8 o 19 30 



June 30 days ^ 
30 

o 
July 31 
Aug, 31 
Sept. 8 o 

Intr, 70 o J 



Daily rate 



4-5'' 
70 



M3i,5'o 
Ace. rate 5 \$'o 



Ex. 4. 1865, June 28th, a.m. at ship, an observation was made when a chrono- 
meter showed 28<* 8*» 5™ 40% which was 15"* 22» fast on GJreenwich mean time May 
4th, and losing 5*8» daily. 



Time by chron. 28* 8^» 5™4o'' 

Original error — 15 22 

28 7 50 18 

Accumulated rate -|- 5 ^^ 

Greenwich date 28 7 55 39 



Interval from May 4th to June 
28«i 8^, is 55 J days ; then daily rate 
5"' 8 X 55i = 3*o**9> or 5«» 20«*9, 



Ex. 5, 1865, February 28th, a.m, at ship, an observation was made when chro- 
nometer showed 28* i*» 12" 4o«, which was fast 9" 55" on Greenwich mean time 
January 27th, and gaining 3"'9 daily. 



Time by chron. 2%^ i^i2™40» 
Original error — 9 55 

28 I 2 45 
Accumulated rate — 25 

Greenwich date 28 i o 40 



Jan. 31 days 
27 

4 

Feb. 28 

Intr. 32 days 



'Daily rate 



3*9' 
3a 



124-8 
Prop. part, i^ 0*2 



^-Acc. rate 



6,0)12,50 
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Examples fob Fbaotioe. 

Ex. I. 1865, February i6th, a.m. at ship, an observation was taken when the 
corresponding time by a chronometer was 16^ 8*» 59™ 25 •, which was i*» 14™ 23" fast 
on Greenwich mean time January 3rd, and losing io"9 daily. 

Ex. 2. 1865, April 19th, P.M. at ship, an observation was taken when & chrono- 
meter showed i9«* 5** o™ o«, which was fait 33"* 30" on Greenwich mean time March 
19th, and Using 5> daily. 

Ex. 3. 1 865, May 7th, a.m. at ship, an observation was taken when a chronometer 
showed 7^ 6>» 9" 48*, which was fast 11™ 9»*4 on Greenwich mean time February 
1 6th, and losing s^'S daily. 

Ex. 4. 1865, June 26th, p.m. at ship, an observation was taken when the chrono- 
meter showed 25<* 2i*> 29™ 53% which was 30"* i2» fast on Ghreenwich mean time 
March 31st, and gaining 2**2 daily. 

Ex. 5. 1865, October 25th, p.m. at ship, time by chronometer 25<* 8^ 31" io», which 
was I2» 10* sloic on Greenwich mean time July 20th, and gaining 4«*7 daily. 

Ex. 6. 1865, January 20th, p.m. at ship, time by chronometer 19*^ 13^ 21°^ 25", 
which was 53" 47" /a«< on mean time at Greenwich October 3i8t, 1864, and losing 
4» daily. 

Ex. 7. Time by chronometer, November 8'* 16^ 2™ 3% which was 33™ o" alow on 
mean time at Greenwich July 31st, and gaining 4"' 8 daily. 

Ex. 8. Time by chronometer, August i<* 1^ 3"* 0% which was 1^ 6™ 4" fast on 
mean time at Greenwich May 31st, and losing 8**7 daily. 

Ex. 9. Time by chronometer. May i^ i^^ 23™ 10", chronometer slow 3™ 24" on 
mean time at Greenwich February 2nd, and losing o»'97. daily. 

TO FIND THE HOUE-ANGLE. 

Oiven the true altitude of an object, its declination, and the latitude 
of the observer, to ^d the meridian distance or hour-angle. 

EULE LV. 

1°. Mnd the polar distance hy Eule XLV, page 123. 

2°. Add together the true altitude, latitude, and polar distance: take 
half their sum, and from the half sum subtract the true altitude, which call 
the remainder. 

3^. Add together the secant of latitude, cosecant of polar distance, cosine 
of half sum, and sine of remainder ; the sum of these logs,, r Reeling 10 from 
the index, will he the log. of surCs hou/r angle (Table 31, Norie); or sine 
square ofsuris howr angle (Table 69, fiaper). 
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When the polar distance exceeds 90**, take out the secant of reduced declination ; 
or subtract the polar distance from iSo**, and take the cosecant of the remainder. 

(a) When both the latitude and declination are o, take the true altitude 
from 90°, and so get the zenith distance j which convert into time hy Rule XL, 
or hy Table 19, None, or Table 17, Raper ; the result is the hour-angle. 

The hour-angle can also he found without a special table, as follows : — Find the 
sum of the four logs, as above, and divide by 2 : the result is the log, sine of half the 
hour-angle in arc. From the Table of log, sines find the arc corresponding thereto, 
which multiplied by 2, and converted into time, (Rule XL, pag^ 114) is the hour- 
angle sought. It is thus evident that the complete solution may be obtained by 
means of the Table of log, sines, &c,, alone. 

Examples. 



Ex. I. Given the true altitude 17" 16', 
latitude 50P 42' S., reduced declination 
20° 6' S. (when polkr distance is 6<f 54') : 
find the hour-angle. 

Altitude 17' 16' 

Latitude 50 42 

Polar dist. 69 54 



sec. 0-198335 
cosec, 0*027291 



Sum 

Half sum 
Half sum alt. 



137 S^ 

68 56 



SI 40 

Hour-angle 5^48" 6» 



COS. 9-555643 
sin. 9*894546 

log- 9*67581,5 
79 

I- =3 



Ex. 3. Given true altitude 15* 10' 31'', 
latitude 50° 2' N., reduced declination, 
i" 55' 43' S. (or polar distance 91" 55' 43*) : 
required the hour-angle. 

Altitude 15* 10' 31* 

50 2 o sec. 0*192234 
91 SS 43 cosec. 0*000246 



Latitude 
Polar dist. 



Sum 157 8 14 

Half sum 78 34 7 cos. 9*297091 

Half sum alt. 63 23 36 sin. 9*951387 

Hour-angle 4^i3"'33" log. 9*44095,8 

79 

3«=i7 



Ex. 2. Given the true altitude 130 28', 
latitude 10° 35' S., reduced declination 
230 23' N. (or polar distance 113* 23') ; 
find the hour-angle. 



Altitude 
Latitude 
Polar dist. 

Sum 

Half sum 

Half sum alt. 



13"' 28' 

10 35 
113 *3 

137 26 
68 43 



55 15 
Hour-angle 4^40»»46» 



sec, 0*00745 1 
cosec. 0*037219 



COS. 9*559883 
sin. 9*914685 

log. 9*51923,8 
21 



i» = 3 



Ex. 4, Given true altitude 21'* 34' 14', 
latitude 38^^ 18' S., reduced decimation 
II* 19' 52* S. : find the hour-angle. 



Altitude 
Latitude 
Polar dist. 

Sum 

Half sum 



21° 34' 14* 

38 18 o sec. 0*105254 

78 40 8 cosec. 0*008468 

138 32 22 



69 16 II COS. 9*548966 



Half sum alt. 47 41 57 sin. 9*869009 
Hour-angle 4^45«»26« log. 9*531697 
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Ex. 5. Latitude o^, declinatioii o**, true 
altitude 30° : required ihe hour-angle. 

True altitude 30° o' 

90 o 



Zenith distance 



60 o 
4 



Hour-angle 



6,0)24,02,0 
4b o™ o* 



Ex. 6 , Given true altitude 75**, latitude 
0°, declination o*" : find the hour-angle. 



True altitude 
Zenith distance 



75' ^ 
90 o 

15 o 

4 



Hour-angle 



6,0)6,0 o 

|h Qin Q« 



Examples fob Piiactioe. 



Bequired the hour-angle or meridian distance in each of the following 
examples : — 



I. 


True altitude 1 1** 21' 29*^ Latitude 


30' 15' s. 


Declination 


15" 21' 4"N. 


2. 

3. 
4. 

i 

7- 
8. 

9- 
10. 




30 2 4 „ 
27 48 22 „ 

34 49 46 }» 
13 31 24 „ 
25 38 II ' ,, 

15 59 13 » 
29 2 27 „ 

20 34 4 « 
37 40 „ 


39 27 S. 

40 10 N. 
39 20 S. 

31 32 s. 

29 N. 
60 5 N. 










5 48 23 N. 
23 26 44 N. 
21 15 7 S. 
21 11 47 N, 
23 I 5S N. 

7 25 38 S. 

000 
23 27 21 N. 

OOP 
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EXJLE LVI. 







I®. To the time hy chronometer apply its original error and accumulated 
rate, as directed in Bule LIT ; the result is the Greenwich date at the 
instant of observation. 

2°. Take out of Nautical Almanac, page II, the BurCs declination and 
the equation of time for the noon of Greenwich date and that following it ; 
also take out the sun^s semi-diameter. 

3°. Reduce the sun^s declination and equation of time to the CHreenwieh 
time (Rules XTiTTT and XLYI) ; also find the polar distance (Eule XLV). 

4®. Correct observed altitude for index error, dip, correction in altittcde, 
and semi-diameter, and thus get the true altitude, 

5°. Find the hour-angle hy Ride LV. 

6°. When the observation is made in the afternoon, the hour-angle is 
apparent time past noon of the given day at ship ; but if the observation 
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is made tn the morning, take the hour-angle from 24^, the remainder is appa- 
rent time past noon of the day before that at ship. 

7^. To apparent time apply the reduced equation of time, and so get 
mean time. 

8^. Under ship mean time put Greenwich mean time, and take their 
difference ; the remainder is longitude in time, which convert into arc (Table 
17, Baper; or Table 19, Norie). 

9°. Call the longitude West, when Greenwich time is greater than ship 
mean time ; hut East, when Greenwich mean time is least. 

In taking the difference of Greenwich mean time and ship mean time, if the days 
of the month be different, put the more advanced one day back, and add 24 to the 
hours. 

Examples. 



Ex. I. 1865, January nth, p.m. at ship, latitude 49** 30' N., the observed altitude 
sun's L.L. was 12" 20' 30", height of eye 18 feet, time by a chronometer ii<* 8^ 24" 36% 
(being p.m. at Gb:«enwich) which was i^ 48°* 42* fast for mean noon at Greenwich, 
September 30th, 1864, and gaining 5*'3 daily ; required the longitude by chronometer. 



Timebychron. ii<* 8'»24"36« 
Original error — i 48 42 

" 6 35 54 
Accimiulated rate — 97 

Greenwich date 11 6 26 47 



Oct. 31 days, 
Nov. 30 
Dec. 31 
Jan. II 6} 

Int. 103 6 J 



Ded. 


page n, K.A. 


nth, 
12th, 


21-45' 27' S. 
21 35 42 S. 


log. 3912 
log. 5706 


6n27» 


log. 9618 
nth. 


- 2 37 
21 45 27 S. 


Bed. decl. 


21 42 50 S. 
90 



Eq. time, page n, N.A. 

nth, add 8"2o-5» 
12th, add 8 43*6 



Folardist. in 42 50 





231 


log. 0166 
log. 5706 

log. 587a 


23' 6" 

6^27» 

6' 12" 




6-2 
8 20'5 



Bed. eq. time 8 267 
(To be add^ to A, T.) 



Daily rate 5"-3 

Interval 103 

103d 6 J»» 

159 

530 

6 I J I 545*9 

i I A I ^'3 
•I 

6,0)54,7*3 
Ace. rate 9 7*3 



Obs. alt O's L.L. 12* 20' 30* 
Dip, — 4 4 

12 16 : 
Ck>rr. altitude 

Semi-diameter 

True altitude 

By Ba}>er'8 Tables: dip 
— 4' 10% ref. — 4' 23*, par. 
4- 9*, semid. + 16' 18*, and 
True altitude 12** 28' 24'. 



12 


16 26 

4 9 


12 

+ 


12 17 
16 18 


12 


28 3^ 
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Altitude 
Latitude 
Polar dist. 



Norte, 

49 30 o sec. 0*187456 
jii 42 50 cosec. 0*031964 

J73 41 25 



86 50 42 COS. 8-740656 
74 22 7 sine 998363 3 
log. 8-943709 



Altitude 
Latitude 
Pol:ir dist. 



Maper. 

12' 28' 24' 

49 30 o sec. 0*187456 
III 42 50 cosec. 0*03 1 964 

173 41 H 



A. T. ship ii** 2^i7"56« 
£q. time -{- 8 27 

M. T. ship II 2 26 23 
M. T. Gm. II 6 26 47 

Long, in time 4 o 24 

Longitude 60' 6' o*W. 



86 50 37 cos. 8*740838 
74 22 13 bine 9983637 
sin.sq. 8 943895 



A. T. Hhip II** 2''i7»"57" 
Eq. till 10 + 8 27 

M. T. .«^hip II 2 26 24 
M.T. Gill. II 6 26 47 

Long, ill timo 4 o 23 

Longitude 60* 5' 45* W. 



Ex. 3, 1865, July 3rd, A.M. at ship, latitude 32" 10' S., observed altitude aim's l,l. 
14® 10' 15% index correction + i' 22', height of eye 19 feet, time by a chronometer 
2d i6»» 33™ 23* (being 3<* 4^ 33" 22* a.m. at Greenwich), which was 16™ 22* fast for 
Greenwich mean noon June ist, and losing 3**4 daily : required the longitude. 



Time by chron. 2'* i6'»33"22" 
Original error — 16 22 

2 16 17 o 
Accumulated rate -|- i 48 

Greenwich date 2 16 18 48 



j^Daily rate 
Interval 



Interval irom 
Jime istto July - 
2nd, 1 6'*, is 31'* 
i6»'. 



12 

4 



t 

•i 



3"4 
3^ 

34 
102 

105-4 

'•7 
»6 



6,0)10,7*7 



Ded. page n, N.A. 

2nd, 33" 2' 8*N. 
3rd, 22 57 24 N, 



Eq. time page IT, N,A. 

2nd, add 3™42*7' 
3rd, add 3 53"^ 



t.Acc. rate i 47*7 

Obs. alt. O's L,L. 14* 10' 15* 
Index correction + i 22 



log. 7050 
log, 1676 



4 44 



11*1 



log. 8726 — 3 13 

23 2 8 N. 



log- 3349 
log. 1676 



11' 6" 
16*^19"^ 



Bed. ded. 22 58 55 
90 o o 

Polar dist. 112 58 55 



log. 5025 7 33 

7-5 
3 427 



Dip 

Corr. altitude 

Semi-diameter 



Red. cq. time 3 50 2 
(To be added to app. time.) 



14 II 37 

— 4 II 

14 7 26 

— 3 35 

14 3 51 
+ 15 46 

14 19 37 



Tmo altitude 

By Raper : Index corr. -|- 
i' 22', dip — 4' 15", refr. — 
3' 48", par. + 8% semid. 4- 
15' 46', True alt, 14' 19' 38*. 



1 62 
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Altitude 
Latitude 
Polar dist. 



Norie. 

14" 19' 37" 

32 10 o sec. ©•07237 1 

112 58 55 cosec.0'035916 



159 28 32 



Hour-angle 



79 44 16 cos, 9*250794 

65 24 39 sin. 9-958714 

3** 37°" o' log- 9*3 17795 
24 



A. T. sliip 2<* 20 23 o 
Eq. time + 3 50 

M. T. ship 2 20 26 50 
M. T. Gm. 2 16 18 48 



Long, in time 482 
Longitude 62° o' 30* E. 



Altitude 
Latitude 
Polar dist. 



Hour-angle 



Raper. 

14' 19-28* 

32 10 o sec, 0-072371 
112 58 55 cosec. 0*035916 

159 28 23 

79 44 II COS. 9*250854 

65 24 43 sin. 9-958718 

3^371x1 1% sin.sq. 9317859 
24 



A. T. ship 2<* 20 22 59 
Eq. time + 3 50 

M. T. ship 2 20 26 49 
M. T. Gm. 2 16 18 48 



Long, in time 481 
Longitude 62° o' 15* E. 



Ex. 3. 1 865, April 14th, A.M. at ship, latitude 52° lo" N., observed altitude sun's l.l. 
18** 20' 25'', index correction -\- 55% height of eye ^2 feet, time by chronometer 
i4<* 5^ 5™ 5» (being p.m. at Greenwich), which was fast 6™ 38* for mean noon at 
Greenwich, February 26th, and gaining 3»*8 daily. 



Time by chron. 14^^ 5^ 5™ 5* 
Originid error — 6 38 

14 4 58 27 
Accumulated rate — 2 59 



<^Daily rate 
Interval 



Greenwich date 14 4 55 28 



Literval from 
February 27 th, 
to April 15th 5^ 
is 47* 5>». 



3»-8 
47 



4 
I 



1 

6 

i 



178-6 

•6 
•I 



Mi7,9'3 
^Acc. rate 2 59*3 



Decl. page II, K.A. 

14th, 9» 30' 56* N. 
15th, 9 52 24 N. 



Eq, time page II, N,A. 

14th, add c^iys* 
15th, stib, o 1*6 



log, 0484 
log. 6885 



21 28 

4^55" 



15" I 



log. 7369 + 4 24 
14th, 9 30 56 N. 

Bed. decL 9 35 20 N. 
90 o o 

Polar dist, 80 24 40 N. 



log. 2012 
log, 6885 



15' 6* 

4^55"* 



log. 8897 3' 6* 

31 
add o 13*5 



Bed. eq. time o 10*4 
(To be added to app, time.) 



Obs.alt. O'sL.L. 1 8" 20' 25' 
Index correction -|- 55 



Dip 

Corr. altitude 

Semi-diameter 



True altitude 18 31 17 
By Baper : Index corr. -^ 
SS\ dip,— 3' 20%ref.— 2'54% 
par. -\- 8", semid. -}- 15' 58% 
True altitude 18' 31' 1 2^ 



18 


21 20 

3 19 


18 


18 I 

2 42 


18 

+ 


15 19 
15 58 
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None. 




B^r. 




AWhide 




Altdtade 










Latitude 




sec. o'liiiSo 




80 24 40 ix>aec.o-oo6tii 
'J' 5 57 


Polar dist. 


8d H40 
■5' J S^ 


coseco'ootiiio 




^S 3» 58 cofl. 9'J97i48 




15 3» 56 


COS. 9-397164 




S7 I 4" sin- 9-9>37»9 




57 " 44 


Bin. 9-913733 




4''4K"i9* log. 9-jJ9»fi8 


Honr-angla 


4''48"'»o' 


aiil.sq. 9-539»87 



■"«[lil 



Long, in time 943 37 ^ ill-^'l-^l 
Longitude 145° 54 '5'"' 



A.T.aMp 13- 
Eq. time + 


19 n 40 


M.T.sliip 13 
M.T.Gm. 13 


18 ss »8 


Long, in timo 


9 43 38 



Longitude 145° 54' 3°' ^ 



- Ex.4. "Wj, March 6th, p.m. at ship, latitude 40° 10' G., observed altitude sun's 
i.L. 16° 20', index correction 4- 30', height of eye iB feet, time by a chronometer 
ji 10'' 30", fbeing 6' S^ 30™ A.-a. at Greenwich), which waa 24™ ly/iuit for mean 
noon at Greenwioh February 13th, and laiin^ ys daily. 



Time by chnm. 5 


-20KJ0-. 0. 
- 14 19 


Feb. 18 days, 


Daily rate 


7-5 




+ UJ 


Mar. '1 10^ 




"III 


ijo-o 
37 


Greenwich date j 


20 S 7 






1-5 






Int. 2o 10 






236-1 


Decl. page H, N J. 


Eq. tine page 11, NX 






IS; fjrtri: 


sth,«M 
6th, *M 


M"40-5' 
II 264 


Ob3, alt. 0'BL.L 
Index correction 


+ ' 30 


£i:^s; :i.-s. 


log. 23.0 
log. 0763 


141 


Dip 


.6 20 30 
— 4 4 


log. 0904 — 19 29 „ 
5 SS '6 S. 


joh 8" 


Corr. altitude 


16 16 16 


B«d. decL j 35 S7 S- 


log. 3073 


n 50 
— I1-8 




16 13 11 
+ .6 q 


Polar diat. K4 24 3 S. 


jth,noon .■40'5 

Bed. eq. time 11 2S'7 
fTobeodifoitaapp. time.) 


Tr 

30 


ue sltitada t6 29 30 
ByEapar: Index corr, + 
,dip — 4'io",ref. — 3'i8' 



Ime altitude 16° 19' 19". ' 
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LOKGmJDE BY CHBOKOMEtfiJEl. 



Altitude 
Latitude 
Polar dist. 



Norie, 

16^29' 30* 

40 20 o sec. 0*117879 

84 24 ^3 cosec. ©•002077 

141 13 33 



70 36 46 COS. 9'52io73 
54 7 16 sin. 9*908623 



A, T. ship 6d 4h 5 2^208 log, 9*549652 
Eq. time -|- 1 1 29 

M. T. ship 6 5 3 49 In this example 
»____^_____ 24 hours is added 

or c 10 1 /to *** *^® "^^I* tunc, 
•ar m /^ 5 *9 3 49 itbeingowerfrtyin. 
M. T, Gm, 5 20 8 7 advance of Green- 
wich. date. 

Long, in time 8 55 42 
Longitude 1 33° ss' 3°* E. 



Altitude 
Latitude 
Polar dist. 



Eaper, 

16° 29 19" 

40 20 o sec. o* 1 17879 
84 24 3 cosec. 0*002077 

141 13 22 



70 36 41 COS. 9*521103 
54 7 22 sin. 9*908633 



M. T. ship 6^ 4^52™2is siu.sq. 9*549692 
Eq, time ' + 1 1 29 

M. T. ship 6 5 3 50 

or 5 29 3 50 
M. T. Gm. 5 20 8 7 



Long, in time 8 55 43 
Longitude 1 33'» 55' 45' E. 



Ex. 5. 1865, November 19th, a.m. at ship, latitude 39° 20' S,, observed altitude 
sun's L.L. 34"* 37' 55", index correction + i' 10", height of eye 14 foet, time hy chro- 
nometer 18** 23^ 49™ 32" (or 19'^ u^ 49™ 32* A.M,), which was sloiv 58™ 52**3 for moan 
noon at Greenwich, September 19th, and losing 6»*4 daily. 



Time by chron. 18'' 23**49"328 
Original error + 58 52*3 

18 24 48 24*3 



or 19 o 48 24*3 
Accimiulated rate + 6 30*6 

Greenwich date 19 o 54 54*9 



Sept, 30 days. 
19 

Sept, II 
Oct. 31 
Nov. 19 i^nrly, 

Intr. 61 i*» 



'^Daily rate 6«*4 

Literval 61 



3904 
•^ Prop. part, i^ 0*2 

6,0)39,0*6 

^Acc. rate 6 30*6 



Decl. page II, N.A. 

19th, i9»33' o*S. 
20th, 19 46 41 S. 

log. 2440 13 41 
log. 1*4180 0^55™ 

log. 1*6620 +031 
19th, 19 33 o S. 

Bed. decl. 19 33 3' S. 
90 o o 



"Eq. time page IT, N.A. 

19th, sub. i4»"22*8" 
20th, suh. 14 8*4 



log. 2218 
log. 1*4180 



log. 1*6398 



Polar dist. 70 26 29 



14*4 


14' 24* 
0^55™ 


33 


0*5 
14 22*8 



Red. eq, time 14 22*3 
(To be 81^^ jfrom app, time.) 



Obs. alt. O's L.L. 34» 37' 55' 
Index correction + ' '^ 



14 feet 

Corr. altitude 
Semi-diameter 



True altitude 34 50 28 
By Raper : Index corr. + 
i' 10", dip — 3' 40% rcf. — 
I' 25', par. + 7% semid. 4- 
16' 14', True alt. 34° 50' 21*. 



34 39 
— 3 


5 
36 


34 35 
— I 


29 
15 


34 34 
+ 16 


14 



tONOnUSE BY OHSONOMXTES. 
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Altitude 
Latitude 
Polar dist. 



34* 50' 28* 

39 20 o sec. 0*111556 

70 26 29 cosec. 0*02581 1 

144 36 57 



72 18 28 COS. 9*482735 
37 28 o sin. 9*784118 



Hour-angle 4^ \^s^* log» 9*404220 
24 



A. T. ship i8«»i9 58 4 
Eq, time — 14 22 

M. T. ship 18 19 43 42 
M.T. Gm. 18 24 54 s$ 

Long, in time 5 11 13 

Longitude 77*' 48' 15* W. 



JRaper. 

Altitude 34^50' 21* 

Latitude 39 20 o soc. 0*111556 

Polar dist. 70 26 29 cosec. 0*0258 1 1 

144 36 50 

72 18 25 cos. 9*482755 

37 28 4 sin. 9*784129 

Hour-angle 4** i"56« log. 9*404251 
24 



A. T. ship 
Eq. time 


l8d 


1958 
14 


4 
22 


M. T. ship 
M. T. Gm. 


18 
18 


19 43 42 
24 54 55 


Long, in time 


5 u 


13 



Longitude 77° 48' 15" W. 



Ex. 6. 1865, June 15th, p.m. at ship, latitude 13° 54' S., observed altitude sun's 
L.L. 16® 16' 16*, index correction -\- 16", height of eye 16 feet, time by a chronometer 
15* o^ i6°* i6» (or o^ 16™ i6» p.m.), which was 2^ 16™ 16" fast for mean noon at 
Greenwich, April i6th, and gaining io"*6 daily. 



Time by chron. 
Original error 



Accumulated rate 
Greenwich date 



i5<*o^i6™i6» 

— 2 i6 16 

14 22 o o 

— 10 35 

14 21 49 25 



April 30 days. 
16 

14 
May 31 

June 14 22'» 



^ Daily rate io**6 
Literval 59 



12 
8 

2 



Lit. 59 22^ 



Bed. page II, N.A. 
14th, 23° 17' 18' N. 
15th, 23 19 57 N. 



Eq. time page II, N.A, 

14th, 8llb. o™ 4*2» 

15th, add o 8*4 



\ 

I 

4 



625*4 

5*3 

3*5 

•9 



6,o)63,5'i 
10 35*1 



Obs. alt O's L.L. 16° 16' 16* 
Index correction + \6 



log. 9570 
log. 0414 



2 39 
2i*»49° 



12*6 



log. 9984 + 2 25 

14th, 23 17 18 N. 

Bed. decl. 23 19 43 N, 
Polar dist, 113 19 43 N. 



log. 2798 
log. 0414 



12' 36 
21^49 






log. 3212 II 27 

11*4 
14th, sub. o 4*2 



16 feet 
Corx. altitude 

Semi-diameter 



t6 16 32 

— 3 50 

16 12 42 

— 35 

16 9 37 
+ J5 47 



Iled,Eq.T. o 7*2 
(Tobea<f<^^toA.T.) 



True altitude 16 25 24 

By Raper : Index corr. -j- 
16", dip — 4'o",rof.— 3'i8* 
par. + 8", semid. + 15' 47", 
True altitude 16® 25 9". 
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LONGITUDB BY OHBONOMETfiB. 



Altitude 
Latitude 
Polar dist. 



.16* 25' 24' 

13 54 o sec. 0*012908 
113 19 43 cosec. 0*037040 

143 39 7 



71 49 33 COS. 9*494024 



55 24 9 Bin. 9-915485 
A.T. ship 15^ 4»»i9»40« log, 4*459457 



Apparent time at ship 15'* 4^ i9«40" 
Equation time -j- 7 



Mean time at ship 



15 4 19 47 



or 14 28 19 47 
Mean time Greenwich 14 21 49 25 



Longitude in time 
Longitude 



6 30 22 



97° 35' 30" E. 



Ex. 7. 1865, September 23rd, a,m. at ship, latitude 59° 30' N., observed altitude 
sun's L.L. 10° 50' 10*, index correction + 6' 10% height of eye 18 feet, time by chro- 
nometer 22<* ii*» 44" 2o" (or 22<* ii*» 44'» 20" p.m»), which was 30" 4* fast for mean 
noon at Greenwich, August 13th, and losing 10**5 daily. 



Time by chron. 22** 1 1^44™20" 
Original error — 30 4 

22 It 14 16 
Accumulated rate -I- 7 5 

Greenwich date 22 11 21 21 



^Daily rate 
Literval 



Interval 40** 1 1^ - 



8 
3 



io«*5 
40 

420*0 

3*5 
i'3 



6,0)42,4*8 



Decl. page II, N.A. 
22nd, o' 12' 40* N. 
23rd, o 10 45 S. 



Eq, time page 11, K.A. 
22nd, sub, 7™23*o" 
23rd, sub. 7 43*8 



log. 0107 
log. 3252 



23 25 
11^21™ 



20*8 



log. 3359 " 4 S, 
o 12 40 K. 



Bed. decl. o i 36 K. 
90 o o 

Polar dist. 89 58 24 



log. 0621 
log. 3252 

log. 3873 



20' 48 ' 

11^21™ 

9 50 

9^ 
7 23-0 



Red. Eq. T. 7 32*8 
(-S'w^^.fromA.T.) 



\^AcCrrate 7 4*8 

Obs. alt. O's L.L. 10° 50' 10* 
Index correction + 6 10 



Dip 

Corr. altitude 

Semi-diameter 
True altitude 



10 


56 

4 


20 
4 


10 


52 16 
4 4a 


10 

+ 


47 34 
15 59 



" 3 33 



By Baper: Index corr. + 
6' 10", dip — 4' 10% ref. — 
4' Sff par. + 8", semid. + 
15' 59*, True alt. 11'* 3' 22', 



Altitude 
Latitude 
Polar dist. 



11° 3 33 

59 30 o sec. 0*294531 

89 58 24 cosec. o'oooooo 



160 31 57 

80 15 58 cos, 9*228073 

69 12 25 sin. 9*970751 

Hour-angle 4^3i»22" log, 9*493355 ' 



Hour-angle 


4^3I»22" 




24 


Apparent time at ship 
Equation time 


22<ll9 28 38 

— 7 33 


Mean time at ship 
Mean time Greenwich 


22 19 21 5 
. 22 II 2T 21 


Longitude in time 


7 59 44 


Longitude 


1 19** 56' E, 
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Examples fob Fbaotioe. 

Ex. I. 1865, January 2nd, a.m. at ship, latitude 36^ 59 S., observed altitude 
sun's L.L. 49* 10', index correction — 2' 40*, height of eye 14 feet, time by a chrono- 
meter I* 19** 8™ 50* (being ^^ 8" 50* a.m. at Greenwich), which was tlow i8'».2« for 
mean noon at G^reenwich, November 30th, 1864, and haifuj/ 6** 8 daily. 

Ex. 2. 1865, February 19th, p.m. ajt ship, latitude 38^ 18' S., observed altitude 
sun's L,L. 21' 30' 40*, index correction — 6' 45', height of eye 14 feet, time by a 
chronometer 18* 19^ 53™ 37»-6 (being 7^ 53™ 37»*6 a.m, at Greenwich), which was 
4m i6*'6f(ui for mean noon at Greenwich, January 23rd, and gaining 7»-6 daily. 

Ex. 3. 1 865, March 28th, p.m. at ship, latitude 20^ 1 9' S. , observed altitude sun's l.l. 
30P 14', index correction — 2' 10", height of eye 30 feet, time by chronometer 28"* o^ lo"* 
(being o^ 10™ p.m. at Greenwich), which was 5 1™ 56' /a«^ for mean noon at Greenwich, 
December 2nd, 1864, and losing 4**0 daily. 

Ex. 4. 1865, April 6th, a.m. at ship, latitude 53^5' N., observed altitude sun's l.l. 
16° 8' 40*, index correction — 40*, height of eye 15 feet, time by a chronometer 
5* i^h jgm 4^« (being 7^ 18™ 49" a.m. at Greenwich), which was 2" 38* fast for mean 
noon at Greenwich, March nth, suid gaining $**6 daily. 

Ex. 5. 1865, May ist, p.m. at ship, latitude 21** 8' N., observed altitude sun*s l.l. 
28° 5' 30*, index correction + 2' 50", height of eye 16 feet, time by a chronometer, 
April 30^ 18^ 50" 29«*4 (being 6^ 50™ 29»*4 a,m, at Greenwich), which was 10™ 12* 
sl(n4> for mean noon at Greenwich, December 3i8t, 1864, and gaining 3"*3 daily. 

Ex, 6. 1 865, June 15th, a.m. at ship, latitude 1 2** 1 1' N., observed altitude sun's l,l. 
39' 39' 40*, index correction + 20", height of eye 17 feet, time by a chronometer 
i4d i-yh ^^m 2o» (being 5^ 59™ 30* a.m. at Greenwich), which was 2™ 29»'5 slow for 
mean noon at Greenwich, May 12th, suid gaining 9«'4 daily, 

Ex. 7. 1 865, July 5th, A.M. at ship, latitude 23° 48' N., observed altitude sun's l.l, 
48' 36' 50*, index correction — 50", height of eye 17 feet, time by a chronometer 
^d o** 42" 38* (being o^ 42™ 38* p.m. at Greenwich), which was 6" 50" fast for mean 
noon at Greenwich, Jime ist, and gaining 4>'7 daily. 

Ex, 8. 1865, August 13th, A.M. at ship, latitude 30" 46' S., observed altitude 
sun's L,L. 27° 15', index correction — i' 15", height of eye 21 feet, time by chrono- 
meter 13d 2^ o™ (being 2^ o™ p,m, at Greenwich), which was 25™ i3« slow for mean 
noon at Greenwich, May ist, and gaining 2"'6 daily. 

Ex, 9. 1865, September ist, p.m. at ship, latitude 35" 49' N., observed altitude 
sun's ii.L, 44° 32' 10*, index correction -J- i' 46", height of eye 20 feet, time by chro- 
nometer, August 31^ 19^' 24" 57" (being 7^ 24™ 57* a.m. at Greenwich), which was 
12m i>j»fast for mean noon at Greenwich, July 31st, «md gaining o'*7 daily. 

Ex, 10. 1865, October 25th, p.m. at ship, latitude 51° 30' S., observed altitude 
sun's L.L. 40" 22', index correction — i' 50", eye 20 feet, time by a chronometer 
25^ gh 22"* i» (or 8*» 22™ !• P.M.) slow 21" 19' ou July 20th, aoid gaining 4«*7 daily. 
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Ex. II. 1865, November a7th, a.m. at ship, latitude 39* ao' S., observed altitude 
sun's L.L. 34° 37' 55', index correction + J' i5*> ©ye 18 feet, time by a chronometer 
17^ 7^ 4i"» 30' (being p.m. at Greenwich), fast 29"^ 40* on November 9th, and losing 
6"*7 daily. 

Ex. I a, 1865, December asth, a.m. at ship, latitude 9° 59' S., observed altitude 
sun's L,L. 10° 38' 45*, index correction — 3' 12*, eye 18 feet, time by a chronometer 
24^ 15^29™ 50* (being a.m. at Greenwich), alow 38™59s*5 July 29th, and losing 9"3 daily. 

Ex. 13. 1865, January ist, p.m. at ship, latitude 38° 28' S., observed altitude 
sun's L.I1. 39* o', index correction, — ^' 25", eye 12 feet, time by a chronometer 
id nil ^gm 29* (being p.m. at Greenwich), bUw i"^ 52™ 53'» on October 13th, 1864, and 
lo9ii\g 6**9 daily. 

Ex. 14. 1865, February nth, a.m. at ship, latitude 53° 12' N., observed altitude 
sun's L.ii, 12^ 10', index correction — 49", eye 12 feet, time by a chronometer 
10** 22^ 22™ 22" (being. A.M. at Greenwich), fast 38'" 59 •on December ist, 1864, and 
gaining 8«'3 daily, 

Ex. 15, 1865, October 26th, a.m. at ship, latitude 28° 10' N., observed altitude 
sun's U.L. 25*^ 32' 20//, index correction o', eye 17 feet, time by chronometer o^ 54™ 6» 
(being p.m. at Greenwich), /««< on September 4th, 30" 6", losing 2'»-5 daily. 

Ex. 16, 1865, February 6th, p.m. at ship, latitude 6° 58' N., observed altitude 
sun's u.L. 21° 43' 40*, index correction o', eye 18 feet, time by chronometer 1 1*» 40"^ %(»* 
(being a.m at Greenwich), slow 17" 42* on January 20th, and losing 5 ••4 daily, 

Ex. 17. 1865, April 2 ist, P.M. at ship, latitude at noon o" 19' N., observed altitude 
sun's U.L. 32° 21' 10", index correction — \' 10*, eye 12 feet, time by a chronometer 
3b 44m !• (being a.m. at Greenwich), slow 9™ 7* on November 14th, 1864, gaining i»*6 
daily, course since noon S.W, by W. (true), distance 56 miles : required longitude 
at time of observation and also at noon, 

Ex. 18. 1865, August 2 ist, A.M. at ship, latitude at noon, 0° 20' S., observed 
altitude sun's l.l. 33" 49', index correction + 2' 10", eye 15 feet, time by chronometer 
gh 14'n o» (being p.m. at Greenwich), slow 4™ 40* on March 13th, losing i«*25 daily, 
course S.W. by W., 36 miles. 

Ex. 19. 1865, March 20th, a.m. at ship, latitu!de o**, observed altitude sun's l.l. 
28° 50' 10", index correction + i', eye 23 feet, time by chronometer 2o<* 2^ o«^ (being 
p,M. at Greenwich), which was fast 2™ 8« on Greenwich mean noon, February 28th, 
and gaining o«'3 daily. 

Ex. 20. 1 865, June 15th, a.m. at ship, latitude 29° 10' S., observe altitude sun's l.l. 
30" 40', eye 25 feet, time by chronometer 14^ xo^ 59™ 2o» (being p.m. on 14th at 
Greenwich), /a«^ 4" 35* on Greenwich mean noon, March 20th, losing 8^ daily. 

Ex, 21. 1865, March 21st, a.m. at ship, latitude 41" 32' S., observed altitude 
sun's L.L. 32* 59', eye 20 feet, time by chronometer 2.1^ 3^ 28°^ (being p.m. at Green- 
wich), fast I™ 408 on mean time at Greenwich, December 20th, 1 864, losing o»»9 daily. 
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VAEIATION BY AN AZIMUTH. 



Given the latitude, altitude, and declination of an object, to find the 
true azimuth. 

EULE LVn. 

1°. Add together the polar distance, the latitude, and the altitude, take half 
the sum, and taJce the difference hetween the half mm and the polar distance. 

2°. Add together the log, secant of latitude, the log, secant of altitude, the 
log. cosines of the half sum and remainder ; the sum (rejecting tens J is log, 
sine square of true azimuth (Table 69, Raper). Or, half the sum of the four 
logs, is the log, sine of half the true azimuth, which take out of the table 
(Table 24, Norie), and double it : the result is the true azimuth, 

3°. Mark the true azimuth N. when the latitude is 8., but mark it^,, 
when the latitude is N. ; also, mark it E. when it is a.m., or the altitude is 
increasing, butW. when it is p.m., or the altitude is decreasing. 

(a) When latitude is o, if declination is N., reckon the azimuth from 
the South; t/ declination is S., reckon the azimuth from the North. 

(b) When both latitude and declination are o, the object moves on the 
prime vertical, or is E. while the altitude is increasing, and W. wMle the 
altitude is decreasing. 



Examples. 

Ex. I, Given the latitude 47° 46' S. ; declination 22° 27' 22* (or polar distance 
67* 32' 38*) ; true altitude 26* 44'. (being p.m.) 



Norie, 

Polar dist. 67" 32' 38" 

Latitude 47 46 o sec. 0*172533 

Altitude 26 44 o sec. o 049095 



Sum 
Jsum 



142 2 38 



71 I 19 cos. 9'5i2i59 



I sum p. dist. 3 28 41 COS. 9*999200 

2)19-732987 

47' 20' 12* sine 9-866493 

2 470 



True az. N. 94 40 24 W. 



12" 



2300 
194 



B.aper, 

Polar dist. 67° 32' 38' 

Latitude 47 46 o sec. 0-172533 

Altitude 26 44 o sec. 0*049095 



Sum 
\ sum 



142 2 38 
71 I 19 



\ sum p. dist. 3 28 41 



cos. 9-5 12 159 
cos. 9-999200 



True az. N. 94° 40' 24"'W, sin.sq. 9*732987 

969 

9= 18 



The true azimuth is here marked N. 
because the latitude is S., and W. because 
the altitude is decreasing, it being p.m« 
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OK AZIMUTHS. 



Latitude 
Altitude 



Ex. 2. Latitude 35° 32' "S,, dcclina- 
tion 17' 37' 46* S,, true altitude 15" 44' 53". 

Polar dist. 107° 37' 46" 

25 32 o sec. o*oi66i5 
15 44 53 sec. 0044632 

148 54 39 
74 27 19 COS. 9*428119 

33 10 27 COS. 9*922731 



2)i9'4r2097 



30 32 42 sine 9*706048 

2 



True az. S. 61 5 24 W. 



Ex. 4. Latitude 38° 46' N. declination 
7» 41' 56', true altitude 27' 16' 8\ 

Polar dist. 97° 4 1 ' 5 6" 
Latitude 38 46 o 

Altitude 27 16 8 



sec. 0*108071 
sec. 0*051164 



Sum 

|sum 

Bemainder 



163 44 4 



81 52 



15 49 54 



26 18 18 

2 



COS. 9*150657, 

COS. 9*983206 

2)19-293098 

sine 9*646549 



True az. S. 52 36 36 W. 



Ex. 3. Latitude 28° 3' N., decL'nation 
12° 39' 31* S., true altitude 25° 11' 49*. 

Polar dist, 102° 39' 31" 

Latitude 28 30 sec. 0*054267 

Altitude 25 II 49 sec. 0*043424 



155 54 20 




77 57 10 


COS. 9*319559 


24 42 21 


COS. 9-958309 




2)19*375559 


29 9 43 
2 


sine 9*687779 



True az. S, 58 19 26 E. 

Ex. 5. Latitude 34* 19' S., declination 
7" 4' 27" S., true altitude 40* 55' 57". 

Polar dist. 82° 55' 33" 

Latitude 34 19 o sec. 0*083054 

Altitude 40 55 57 sec. 0*121776 



Sum 
^ sum 
Bemainder 



158 10 30 

79 5 15 COS. 9*277173 

3 50 18 COS. 9 999025 

2)19*481028 



33 22 48 sine 9*740514 

2 



True az, N, 66 45 36 E. 



Examples fob Pbaotioe. 

In each of the following examples it is required to find the true 
azimuth : — 

+ 

+ 
+ 

t 



I. True altitude 7" 43' 27 


2, , 


, 28 30 53 


3- 


, 43 55 7 


4. , 


, 12 50 46 


i' 


, 29 41 59 


6. , 


, 7 15 55 


I* ' 


, 13 47 28 


8. , 


, 13 44 


9« > 


, 45 30 


10. , 


f 25 40 10 


II. , 


, 40 7 21 


12. , 


, 13 44 


13- , 


, 26 TO I 


14. » 


, 23 40 13 



Declination 


ii'»28'32'N. 


Latitude 


51' 10' N, 


» 


21 56 45 S. 


99 


26 20 K. 


>f 


18 37 14 S. 


99 


45 31 S. 


if 


9 36 51 S. 


» 


15 47 N. 


s> 


2 38 14 N. 


99 


4 22 N. 


ff 


12 14 38 S. 


» 


51 2 N. 


99 


17 50 57 S. 


99 


42 36 N. 


9t 


6 40 S. 


» 


51 30 N. 


99 


23 2 S. 


» 





» 


000 


» 





» 


17 4 3 S. 


» 


33 51 S. 


99 


6 40 S. 


w 


51 30 N. 


» 


14 52 13 S, 


» 


36 2 S. 


« 


20 27 27 N, 


» 


21 44 N, 



OK AZDCUTHS. 



t^i 



Qiven the true bearing and compass bearingi to £nd the variation. 

EULE LVin. 



1°. Reckon the true and magnetic azimuth from the same point of the 
compassy and take their difference /or the variation, except when one azimuth 
ie reckoned towards the East, and the other is reckoned towards the West, in 
which case take the sum. 

(a) If one of the azimuths he expressed from the North, and the other 
from the South, take either of them from i8o°, and it will then he reckoned 
from the same point as the other (see examples 7 and 8). 

(b) J^ the hearing hy compass he reckoned from East or West towards 
North or South, take it from 90% and reverse the position of the letters, or 
add 90° and it will then he expressed from the opposite point to that from 
which it is reckoned when taken from 90° (see example 5). 

(c) When the magnetic azimuth is either East or West, it is reckoned as 
^0° from North or South, according as the true azimuth is North or South. 

Examples. 



Ex. I. Given true azimuth S. 70*57' E. 
the magnetic azimuth S.E. hy E. | E. ; re- 
quired ihe variation. 



True az. S. 70" 57' o'E. m.a. f 
Mag, az. S. 64 41 15 E. 

— . T.A. 



Yariation 6 15 45 W. 




w 



The variation is in this 
instance West, hecause 
when looking from the n 

centre of the compass in the direction of 
the magnetic azimuth, the true azimuth is 
on the left hand of the magnetic. 

Ex. 3, True azimuth N. 50' 12' E,, 
and the magnetic azimuth N. 61** 50' E. : 
required the variation. 

True azimuth N. 50* 12' E. 

Magnetic azimuth N. 61 50 E. 

Variation 11 38 "W. 

The variation is here "West, because the 
true azimuth is to the left hand of the mag- 
netic azimuth, the observer being supposed 
to look from the centre of the compass in 
the direction of the magnetic azimuth. 



Ex, 2. Given true azimuth N. 44" 20^., 
and the sun's bearing by compass (or mag- 
netic azimuth) N. 17** 10' E, : requirSl 
the variation. 



N M.A 



w 




True az. N. 44" 20' E. 
_ . Mag. az. N. 17 10 E. 

Variation 27 10 E. 



The observerbeingsup- 
posed looking from the 
centre of the compass in 
the direction of the magnetic azimuth, 
then the true azimuth lies to the riffht hand 
of the magnetic azimuth, whence the vari- 
ation is to be marked £a9t* 

Ex. 4. The true azimuth S. 62® 41' E., 
and magnetic azimuth E.S.E, : required 
the variation. 

Trueaz. S. 62»4i'E. 
S. 6 pts. E. = Mag. az, S. 67 30 E, 

Variation 4 49 B. 

Here the variation is East, since the 
true azitnuth is on the riffht of the magnetic 
azimuth, the observer looking from the 
centre of the compass in the direction of 
the magnetic azimuth. 
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Ex. 5. The true azimuth S. 82° 50' W. 
and magnetic azimuth W. 15° N. : re- 
quired the variation. 

Trueaz. S. 82°5o'W. 
W. 15° N. r= Mag. az, S. 105 o W. 



Variation 22 10 W. 



The variation is "West, the trtie azimuth 
being to the left of magnetic, gcP is added 
to the compass bearing, in order to reckon 
it from the same point as the true azimuth : 
thus from S, to W. is 90°, and from W. 
to W. 15* N., is 15° more ; hence mag- 
netic azimuth is S. 105" W. 

Ex, 7. The true azimuth S. 90° 33' E. 
and magnetic azimuth N. 81° 20' E, : find 
the variation. 

True azimuth S. 9(^33'E. 

180 o 



or, N. 89 27 E. 
Mag. azimuth N. 81 20 E. 

Variation 8 7 E. 

The ^rtie azimuth being reckoned from S, 
while the magnetic azimuth is expressed 
fromN., the true is subtracted from 180'', 
in order to reckon it from the same point 
as the magnetic azimuth, viz., from N. 



Ex. 6. The true azimuth is S. 76'' W., 
and the magnetic azimuth W. : required 
the variation. 

True azimuth S. 76' o'W. 
Mag. azimuth S. 90 o W. 



Variation 



14 o W, 



The magnetic azimuth West is reckoned 
as 90** from S., because the true azimuth 
is reckoned from S. 



Ex. 8. The true azimuth N. 6^39' W. 
and mappietic azimuth S. 93^ 30" W. : find 
the variation. 

True azimuth N. 69* 39' W. 

180 o 



or, S. no 21 "W. 
Mag. azimuth S. 93 30 W, 

' Variation 16 51 E. 

The true azimuth is here taken from 
180", in order to reckon it from the same 
point as the magnetic azimuth. 



EULE LIX. 



i^. With ship time and longitude in time find the Greenwich date (Bule 
XTjTT, page 116). 

2°. Take from page II, Nautical Almanac, the butCb declination and 
reduce it to Greenwich date (Exile LIV, page 155) ; aho take out the mrCe 
aemi'diameter. 

3°. Correct observed altitude for index error, dip, refraction, parallax, 
and semi-diameter, and thus get the true altitude (Eule XTi Vi 1 1^ page 128). 

4°. Proceed according to Eule LVJJL, page 169, to find the true azimuth. 

5°. Having found the true azimuth, proceed hg Eule LYIH to find the 
variation. 

Examples. 

Ex. I. 1865, May 19th, 3^* ^^ 44* p,m. mean time at ship, latitude 41* 52' N., longi- 
tude 57" 4' W., sun's bearing by compass S. 94'' 40^ "W., the observed altitude sun's l.l. 
43* 5^' ***> eye 18 Jfeet, index correction o : required the true azimuth and variation. 
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Ship date, May lo* 2^ 7"44* 
Long. 57** 4' W. + 3 48 16 

Greenwicli date 19 6 s^ o 



Ded. 19th, 

20tll, 

log. 2798 
log- 5393 

log. 8 1 91 



I9-49'5»'N. 
20 2 28 N. 


12 36 

6 56 



+ 3 38 
19 49 52 



Heduced dedination 19 53 30 N, 

90 o o 



Polar distance 70 6 30 

Norte. 
7o» 6' 30" 
41 52 o 

44 7 15 



Polar dist. 

Latitude 

Altitude 



sec. 0*128019 
sec. 0*143922 



156 5 45 
78 2 52 

7 56 22 



38 16 24 

2 



31 
COS. 9*316172 

COS, 9*995817 



2)19*583961 

sine 9'79i98o 



True az. 
Mag, az. 

Yariation 



S. 76 32 48 W. 
S. 94 40 o W, 

18 7 12 W. 



Obs. alt. O's L.L. 43*56' 22" 
Dip(T.4) — 4 4 

43 52 i8 
CJorr. altitude (T. 18) — 53 



Semi-diameter 
True altitude 



43 51 25 
+ 15 50 

44 7 15 



By Raper : Dip — 4' 10*, rof. 
— i' I*, parallax + 6', semid. + 
15' 50*, True altitude 44" 7' 7". 



R(tt)er 
Polar dist. 70* 6' 30" 
Latitude 41 52 o 
Altitude 44 7 7 



^S^ 5 37 
78 2 48 

7 56 18 



sec. 0*128019 
soc. 0*143930 



COS. 9*316210 
COS. 99958 1 8 



Truoaz. S. 76 32 $6 W. sin.sq .9*583983 
Mag. az. S. 94 40 o W. 

Variation 18 7 4W. 

The true being to the left of magnetic. 



Ex. 2. 1865, September 2nd, mean time at ship 8** 59™ a.m., latitude 39" 30' S., 
longitude 127° 45' W., sun's bearing by compass N. 39" 34' E., observed altitude 
sun's ii.L, 26** 40' 35", height of eye 18 feet : required the true azimuth and variation. 



Ship date, Sept. 
Long. 127* 45' W. 

Green^ch date 

Ded. 2nd, 
3rd, 

log. 0375 
log. 6398 

log. 6773 



id 20^59™ 

+ 831 

2 5 30 

7'»49'5o^N. 
7 27 49 N. 



22 I 

5^30" 



Obs. alt. O's L.L. 
Dip (T, 4) 



Corr. altitude 

Semi-diameter 
True altitude 



26'* 40' 35* 

— 44 

26 36 31 

— I 45 

26 34 46 
+ 15 54 

26 50' 40 



^ 3 , 

7 49 50 N. 



Heduced dedination 7 44 47 X, 

90 o o 

^olar distance 97 44 47 H. 



By Raper : Dip — 4' 10", ref. 

— I 56", par. -f 8", semid. + 

15' 54", True altitude 26° 50' 31^ 

True azimuth N. 52° 11' 53" E., 

variation 12° 37' 53" E. 
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Polar dist. 

Latitude 

Altitude 



97*" 44' 47* 

39 30 o 
26 50 40 

164 5 27 

82 2 43 

15 42 4 



sec. o' 1 1 2594 
sec. 0*049478 

43 
COS. 9*141106 

COS. 9*983485 

2)i9'2867o6 



26 s 51 sine 9*643353 



• 260 5' 51' 

2 



True azimuth 
Magnetic azimuth 



N. 52 II 42 E. 
N. 39 34 o E. 



Variation 12 37 42 E. 
The true being to the riffht of magnetic. 



Ex. 3. 1865, July 5th, mean time at ship 6^ 55™ 51" p.m., latitude 50** 53' N., 
longitude 119° 8' E,, sun's bearing by compass N. 65' 30' W., observed altitude sun's 
L.L. 9° 40', index correction + 3' 50*, height of eye 1 8 feet. 



Ship date, July 5^ 6^55^5 1» 
Long. 119° 8' E. — 7 56 32 

Greenwich date 4 22 59 19 

Decl, 4th, 22° 52' 17" N. 
5th, 22 46 46 N. 



log. 6385 
log. 0188 



5 31 
22^59°* 



log. 6573 — 5 17 

22 52 17 N. 

Hoduced declination 22 47 o N, 

Polar distance 67 13 o 



Polar dist. 

Latitude 

Altitude 



67' 13' o" 
50 53 o sec. 
9 50 15 sec. 



127 56 15 



63 58 7 cos. 



0*200038 
o 00642 8 

6 

9*642360 



3 14 53 00s. 9-999302 

2)19*848134 

57 5 49 sine 9924067 



Obs, alt. 0's L.L. 
Index correction 



Dip 

Con. altitude 

Scmi-diameter 
True altitude 



X 



40' o" 
3 50 



9 43 50 

— 44 


9 39 
— 5 


46 
17 


9 34 ^9 
+ 15 46 


9 50 


15 



By Eaper : Index con*. 4" 3' 5o"» 
dip — 4' I o", ref, — 5' 31", lir. + 8% 
semid. + '5' 4^"* True alt. 9° 50' 3*. 
true az. S, 114° 11' 30" W., variation 
0° 18' 30'' W, 



True azimuth 



57' 5' 49" 

1 

S. 114 II 38 w. 
180 o o 



True azimuth N. 65 48 22 "W. 

Magnetic azimuth K. 65 30 o W. 



Variation o 18 22 "W. 



The trite being to the left of magnetic 



Ex. 4. 1865, February loth, at 8^ 2^ a.m. mean time at ship, latitude 50*^ 48' N., 
longitude 91^ 10' W., sun's bearing by compass S. 70' 10' E., observed altitude 
Bun's L.L, 70 10' 40*, index correction — i' 10% height of eye 15 feet. 
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Ship date, Feb. 9^ 20^ 2"» o* 
Long. 91® 10' W, 6 4 40 



Obs. alt. O's L.L. 7® 10^40* 

Index correction — i 10 





9 26 6 40 
24 


Greenwich date 10 2 6 40 




Ded. loth, 14* 14' 20* S. 
iitb> 13 54 39 S. 




log. '086 1 19 41 
log. 1*0546 2'* 7" 




log. I' 1407 — I 44 

14 14 20 S, 


Ee^. 


declination 14 12 36 


Polar distance 104 12 36 


Polar dist 

Tjatitude 

Altitude 


;. 104* 12' 36' 

50 48 sec. 0*199263 
7 14 56 sec. 0-003470 




162 15 32 15 




81 7 46 cos. 9*188092 




23 4 50 cos. 9*963766 




2)19354606 



Dip 


7 9 30 
— 3 42 


Corr, alt. 


7 5 48 
- 7 6 


Semi-diameter 


6 58 42 
+ 16 14 


True altitude 


7 14 56 



ByRaper: Index corr. — i' 10" 
dip — 3' 50", ref. — 7' 19", par. 

i- 9*, semid, + 16' 14", Ttvlq 
t.7* i4'44*,T.az.S.56«48'38*E, 
variation 13° 21' 22" E. 



28 24 10 sine 9*677303 



28* 24' 10' 

2 




True azimutb S, 56 48 20 
Magnetic azimuth S. 70 10 


E. 
E. 


Variation 13 21 40 


E, 



The true azimuth being to the right of 
inoffnetic. 



Ex. 5. 1865, January 21st, at lo^ 14" a.m., mean time at ship, latitude 39° 3' S., 
longitude 96" 28' E., sun's bearing by compass E. 2° 30' S., observed altitude sun's u.l. 
46" 15', index correction — 2' 20", height of eye 19 feet. 

Ship date, Jan. 20*^22^14™ o« 
Long. 96° 28' E. — 6 25 52 

Greenwich date 20 15 48 8 



Decl. 2oth, 

2ISt, 

log. 2558 
log. ]8i6 

log. 4374 



20" 3' 5'S, 
19 49 46 S. 

13 19 
15*^48" 



8 46 
20 3 5 S. 



Obs. alt. O's u,L. 
Index correction 


46' 


15' 0' 
2 20 


Dip 


46 


12 40 
4 II 


Corr. altitude 
Semi-diameter 


46 
46" 


8 29 
49 

7 40 
16 17 


True altitude 


45 


51 23 



Keduced declination 19 54 19 S. 
Polar distance 70 5 41 



By Raper : Index corr. — 2'2o", 
dip — 4' 15% ref. — 56", par.-j- 
6', semid. — 16' 17", True alti- 
tude 45° 51' 18*, True azimuth 
N.78»5'33"E., var. i4°24'27*W, 
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Polar diet. 

Latitude 

Altitude 



700 S'41' 
39 3 o 
45 51 23 

^SS o 4 

77 30 2 
7 24 21 



39' 2'4a'' 



True az, N. 78 5 24 E. 

Mag. az, S. 92 30 o E. = E. 2* 30' S. 

Variation 14 24 36 "W. 



see. 0*109805 
sec. 0*157054 

50 
COS. 9*3353^8 
COS. 9*996362 

a) 1 9*5985 89 
39 2 42 sine 9*799294 

Ex. 6. 1865, June ist, at 9^ 40™ a.m. mean time at ship, latitude 60** N., longitude 
4.0P 20' W., observed altitude sun's l.l. 44° 48' 50*, index correction + 3' 17*, height 
of eye 18 feet, sun's bearing by compass S. J W. 

The Greenwich date is June i^ o^ 21™ 2o». True altitude, by Norie, 45° 3' o*. 

Deol. ist, 22'* 5' 56" N., decl. 2nd, 22° 13' 48" N., daily var. + 7' 52*, corr. + 0' 7% 
Jied. decl. 22° 6' 3" W. Sum of logs. 19-217523, true azimuth S. 47* 56' 8" E, 

True azimuth S. 47° 56' 8' E. 
S. J point W. = Mag. azimuth S. 5 37 30 W. 

Variation 53 33 38 W. 
The true azimuth being to the left of magnetic. 

Examples pob Fbactice. 



In each of the following examples it is required to find the true 
aziinuth and variation : — 



No. 



Civil date, 
1865. 

1. Jan. 24th, 8^22"35«A.M, 

2, Feb. 28th, 3 14 o p,M. 



M. T. ship. Latitude. Longitude. 



3. Mar. 27th, 

4. April 3rd, 

5. May 27th, 

6. June 20th, 

7. July 31st, 

8. Aug. 23r(l, 

9. Sept. ist, 

10. Nov. 25th, 

11. Dec. 17th, 

12. July 3rd, 

13. Jan, 6th, 

14. April 25th, 

15. Jan. 29th, 

16. Feb. ifft, 

17. Mar. 26th, 

18. Feb. 26th, 

19. June 2 ist, 

20. Sept. nth. 



4 6 40 P.M. 
6 20 O P.M. 
9 3 20 A.M. 

6 10 O P.M. 

8 46 30 A.M. 

5 54 58 A.M, 

3 47 50 P.M. 
470 P.M. 

9 10 30 A.M. 

8 26 50 A.M. 
5 2 14 P.M. 

7 s^ 41 -A-M. 
3 36 35 P.M. 

3 44 51 P.M. 

9 5 50 A.M. 

2 48 O P.M. 

3 22 O P.M. 
700 A.M, 



49 

55 
43 
38 
51 



26» 5'S. 

38 46 N, 
4 22 N. 

59 N. 
oN. 

45 N. 
18 N. 
10 N. 

10 40 S. 

39 58 S. 
10 S. 
10 S. 

46 S. 

20 s. 

26 K 

51 s, 

6N. 
oN. 
40 N. 
oS. 



31. i866,Jan.i8t9 27 10. a.m. 



29 

32 

47 
27 

42 

33 

43 

5 
66 

37 
o 



50'53'W. 

97 16 W. 

53 7E. 
169 58 £. 
I 33 W. 

II 26 W. 

65 4W. 
135 40 "W. 
138 42 E. 

50 52 "W. 
26 53 W. 
62 oE, 
33 II E. 
86 43 W. 
49 18 W. 
20 37 E. 

51 2 W. 
167 o E. 

55 20 W. 

19 oW. 

o 25 E. 



Sun's 

bearing by 

coB^ass. 

S. 42'»*36'W. 

W, JN. 
W. 14° 10' s. 
S. 36 oE. 
N. 50 20 W, 
S. 69 20 E. 
K 56 20 E. 
W. by N f N. 
W. 9*10*8. 
S. 79 20 E. 
N. 62 o E. 
N. 64 40 W. 
E. 12 10 N, 
W. 17 oS. 
N. 70 50 W. 
S. 34 30 E. 
K128 15 W. 
S. 50 oW. 
K 44 50 E. 
S.E. by S, 



Obs. Ht. 
alt. sun's of 
L.L. eye. 
38" 23' 10' 16 
16 57 14 
29 30 50 
II 43 o 

43 8 51 
16 40 20 

43 24 58 
7 38 o 



30 4 

33 51 

51 I 
14 II 



10 
o 

13 

37 



17 
20 

17 
18 

18 

18 

15 

15 

14 
16 

19 
28 



26 37 27 

18 44 55 30 
13 38 46 16 

39 56 10 



32 40 o 
60 37 o 

15 38 o 
42 28 o 
45 10 50 17 



18 
18 

19 
18 

20 
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ON FINDING THE LATITUDE BY EEDTJCTION 

TO THE MERIDIAN. 



The latitude of a place is most simply determined by observation of 
the meridian altitude of a known heavenly body. When such an ob- 
servation cannot be obtained by reason of the state of the weather, the 
altitude of the body may often be obtained a little before or a little after 
its meridian passage. And if at the time of observing such an altitude 
near the meridian, the hour-angle of the body is known, we may find 
by computation very nearly the difference of altitude by which to reduce 
the observed to the meridian altitude. The correction is called the 
"Reduction to the Meridian." This method, in point of simplicity, is 
little inferior to the meridian altitude, to which it is next in importance. 
The term ** near the meridian " implies a meridian distance limited 
according to the latitude and declination, and also the degree of pre- 
cision with which the time is known. 

EULE LX. 

I®. To the ime shown hy the watch, expressed astronomically y apply the 
error of the watch far apparent time : adding tchen the watch is slow (rejecting 
2^ when the sum exceeds 24.^ and putting the day one forward ), subtracting 
when watch is fast (increasing the time shown hy watch hy 24^, if necessary^ 
and putting the day one hack). 

2°. Next turn into time the difference of longitude made since the error 
of the watch was determined; adding when the difference of longitude is East, 
subtracting when difference of longitude is West : the result is apparent 
time at ship when the observation was made. 

3^ If apparent time at ship is p.m., it is the time from noon; when it 
is A.M., subtract it from 24^ the remainder is the time from noon. 



Ex. I. Suppose it is p.m. at ship, and 
the watch when corrected shows January 
2*1 o^ 25" 56' (see example i following) ; 
then the time from noon ia 25™ 56" past 
noon of the and. 



Ex. 2. Again, suppose it is a.m. at ship, 
and the watch when corrected indicates 
February $^ 23^ 17™ i6« (see example 2 
following), then we have 

27 1*7 16 I ^^ *^^^ instance it is 
^ ' > 42»n 44» before noon of 

the 6th. 
42 44 / 

4°. \ With appa/rent time at ship and longitude, find Greenwich date in 

apparent time (Eule XLTT). 

A A 
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5®. Taie out of Nautical Almanac, pa^e i, the declination^ and reduce 
it to the Ghreenwich date (Rule XL J. 11 or XLIV). 

6°. Correct the observed altittide of sun^s upper or lower limb, and so get 
the true altitude of sun's centre (Rule XLVIU). 

7°. Take out log. rising of time from noon (Table 29, Norie),* log. cos. 
declination (Table 25, Norie), and log. cos. of latitude (Table 25, Norie). 

8°. Take the sum of these and find the natural number corresponding 
thereto. 

9°. To the natural number just found add the natural sine of the true 
altitude (Table 26, Norie) : the sum is natural cosine of meridian zenith 
distance, which take out of the Table, and name it North or South, according 
08 the observer is North or South of the sun. 

10°. Apph/ the reduced declination to the zenith distance, taking their 
sum ♦/ they are of the same name, but their difference if of contrary names : 
the reeultj in either case, is the latitude of the same name as the greater. 

By Rapee. 

Mnd the time from noon, as directed in the preceding rule. 

Get a Greenwich date by means of apparent time at ship and longitude. 

3°. Reduce declination to Ghreenwich date. 

4°. Correct the observed altitude, and so get the true altitude of sun^s 
centre. 

5°. With the latitude and declination find the logarithm in Table 70, to 
which add the logarithm sine square of the time from noon. Table 69 : the 
9um is sine of the reduction, which take out 0/ Table 66. 

6°. Add the reduction to the true altitude : the result is the approximate 
meridian altitude. 

7°. To compute the 2nd reduction. — Double the log. sine of the re- 
duction, add to it log. tangent of meridian altitude found (No. 6), avid the 
constant 9*699 ; the sum f rejecting loj is the log. sine of 2nd reduction. 

8°. Subtract tJie 2nd reduction from the approximate meridian altitude 
found (No. 6) ; the result is meridian altitude at the place where the altitude 
was observed. 

9^ Raving the meridian altitude, find the latitude as directed in 10° of 
the preceding Rule. 



1°. 

2\ 



* When the natural sine is used to 6 places, the index of the log, rising must be 
increased by i, and when to 7 places, it must be increased by 2. 



BEDUCnON TO MEBIDIAK. 
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Examples. 

Ex. I. 1865, January ind^r.M. at sliip, latitude account 52°6'S., longitude 71*2 3*^^. 
observed altitude sun's l.l. North of observer 60" 10' 30", indcs correction + 3' 10% 
height of eye 20 feet, time by watch 2^ 5** 48™ 22", which was found to be 5^ 20™ 16* 
fast on apparent time at ship, difference of longitude 32*4 miles to West : required 
the latitude by reduction to meridian. 



Time by watch, Jan. 2^ ^^^Z«^22* 
Watch /a*< — 5 20 16 

2 o 28 6 
Diff. long. ^'-^ — 2 10 

Time from noon, Jan. 2 o 25 56 



Ship date, Jan. 2«* o^» 25™56» 
Long, in time -\- 4 45 32 

Green, date, Jan. 2 5 1 1 28 

By Rapcr : Index corr. + 
3' 10% dip — 4' 20% ref. — 34% 
par. 4- 4% flcmid. + 16' 18*, 
True altitude 60' 25' 8*. 



Obs. alt 0*s L.L. 
Index correction 



Dip 

Corr. altitude 

Semi-diameter 
True altitude 



60° 10' 30* 
+ 3 >o 



60 


13 40 

4 17 


60 


9 23 
29 


60 

+ 


8 54 
16 18 



Docl. page i, N.A. 
2nd, 22° 53' 41* S. 
3rd, 22 47 53 S. 



log. 6168 
log. 6656 



5 48 



log. 1*2824 I 15 

2nd, 22 53 41 S. 

Bed. decl, 22 52 16 S. 



60 25 12 



Nbrie. 

Time from noon 25«»56« rising 3 805 830 
Latitude 52 6 cos. 9788370 

Declination 22 52 cos. 9*964454 

3620 nat. no. 3 '55 8654 

3620 
True alt. 60*25' 12'' nat.' sine 869668 

Zen. dist 29 9 25 S. nat. cos, 873288 
Ded. 22 52 26 S. 873347 



Latitude 52 i 51 S. 



239)5900(25* 
&c. 



JRaper, 

Lat. 52" S., decl. 23^ S. 
Time from noon, 25™56» 

1 st reduction + 25' 43* 
True altitude 60' 25 8 

Approx, M.A. 60 50 51 

2nd reduction — 10 



Meridian alt. 60 50 41 



log. 0*369 
sin. sq. 7*505 



sme 



7*874 

2 



5*748 
tang, 0*254 

const. 9*699 
sine 5*701 



Zenith dist. 29 9 19 S. 
Declination 22 52 26 S. 



Latitude 



52 I 45 S. 



i8o 
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Ex. 2. 1865, February 6th, a.m. at ship, latitude account 51° 50' N,, longitude 
118° 36' W., observed altitude sun's l.l. South of observer 21° 50', index correction 
+ 56*, height of eye 22.feet, time by watch 6^ 4^^ 4" 4% which was found to be 4^ 48™ 47* 
fast on apparent time at ship, difference of longitude made to East was 29*8 miles since 
error of watch on apparent time at ship was determined : required the latitude by 
reduction to meridian. 



Time by watch, Fob. 
Watch/as^ 



or. 



Diff, long. 



2y-8 X 4 

60 



6d ^h 4m 49 

5 28 4 4 
— 4 48 47 

5 23 15 17 
+ I 59 



App. time at ship, Feb. 5 23 17 16 

24 o o 



Time from noon, Feb. 6 o 42 44 



App. time at ship, Feb. 5'* 23^ i7»i6« 
Long. 118° 36' \y. + 7 54 24 

Greenwich date, Feb. 5 31 11 40 

or, 6 7 II 40 



By Raper: Index coir. + 56% 
dip — 4' 30", rof. — 2' 26*, par. + 
8% semid. + 16* 15', True altitude 
22* o' 23*, 



Obs. alt. 0*s L.L. 21° 50' o" 
Index correction + 56 



Dip 



21 50 s(i 
— 4 30 



21 46 26 
Corr. altitude — 2 13 



21 44 13 
Somi-diameter + '^ '5 

True altitude 22 o 28 

Norie, 

1370 
Time from noon 42n»44« rising 4*237530 
liatitude S^** 5^' cos. 9*790954 

DccUnation 15 25 cos. 9*984085 



10326 nat. no. 4"oi3939 

10326 

True alt. 22® o' 28" nat, sine 374607 

"5 



Zen. dist. 67 21 10 N. nat. cos. 385058 
Decl. 15 24 54 S. loi 



Latitude 51 $6 16 N. 



10' = 



4300 



448 



Ddcl. apparent noon. 
6th, i5»3o'3i*S. 
7th, 15 II 48 S. 



log« 1080 
log. 5229 


18 43 

7hi2m 


log. 6309 


5 37 ^ 

15 30 31 s. 


Red, decl. 


15 24 54 S. 



JRaper, 

Latitude 52**, decl. 15!* 

(contrary names) T. 69 

Time from noon 42™44* 

ist reduction + 38*13^ 
True altitude 22° o 23 



log. o'loS 
8in.sq, 7*938 



Bine 



8*046 

2 



Approx. M, A. 22 38 36 



2nd reduction 



6*092 
tang. 9*620 
const. 9*699 

sine 5*411 



Mer. altitude 22 38 31 



Zenith dist. 
Declination 

Latitade 



90 o o 

67 21 29 N. 
15 24 54 S. 

51 56 35 N, 



BEDUOnON TO MERIDIAN. 



l8l 



Ex, 3. 1865, April 7tli, a.m. at ship, latitude by account 58® 50' N,, longitude 
58® 52' "W., observed altitude sun's l,l. South of observer 37* 42' 15*, index oorrection 
— 54*, height of eye 10 feet, time by watch 7*^ o^ 59^^ 50', which had been found to 
be i^ 22™ fast on apparent time at ship, the difference of longitude made to the Ewt 
was 20*7 miles after the error on apparent time at s^p was determined : required 
the latitude by reduction to meridian. 



Time by watch, April 7'^ o*»59"5o» 
■Watch/a*^ — i 22 o 



Diff. long. ^'J ' 
App. time at ship, April 


6 23 37 50 
+ I 23 

6 23 39 13 
24 


Time from noon, April 

Obs. alt, 0*s L.L. 
Index correction 


7 20 47 

37" 42' 15' 
— 54 


Dip 


37 41 21 
— 3 2 


Corr, altitude 


37 38 19 
— I 7 


f«mi-diameter 
True altitude 


37 37 12 
+ 16 

37 53 12 



Norie, 

1300 
Time from noon 20^47 » rising 3*612340 
Latitude acct. 58° 50' cos. 9*71 3935 
Declination 7 o cos. 9996751 

21 10 nat.no. 3'324326 

nat. no, 21 10 
True alt. 37** 53' 12* nat. sine 614056 

46 



M,Z. dist. 51 57 36 N. nat. cos. 6 162 12 
Decl. 7 o I N. 349 



Latitude 58 57 37 N. 



13700 
36^^ = 

380 



App. time at ship, April 6*^ 23'* 39™ 1 3* 
Long, 58° 52' W. + 3 55 28 

Greenwich date, April 7 3 34 41 



By Eaper: True altitude 37"* 53' 2*. 



Decl. apparent noon. 
7th, 6" ^(! 40* N. 
8th, 7 19 7 N, 



log. 0290 
log. 8259 



22 27 
3^55" 



log. 8549 + 3 21 

7 th, 6 56 40 N. 



Bed. decl. 



I N. 



Lat. 59", decl. 7° (same 

name) Table 70 log. 

Time from noon 2o™47« sin, sq. 

ist reduction + 9' 10" sine 
True altitude 37*53 2 



Approx, M, A. 38 212 tang. 

const. 



0*113 

rm 

7*426 

2 

4-852 

9*893 
9699 



2nd reduction — 



sme 4*444 



Mer. altitude 38 211 

90 o o 



Mer. zen. dist. 51 57 49 N. 
Declination 7 o i N. 



Latitude 



58 57 50 N. 



l82 



tiAirruDE BY 



Ex. 4. 1865, Angast 7th, a.m. at Bhip, latitude account, 40** 42' N., longitude 
36* 47' W., observed altitude sun's l.l. South of observer was 6s<^ 1', index correction 
+ 17', eye 14 feet, time by watch 6<* 23** 15" 46% which had been found to be 26" 16* 
tHow of apparent time at ship, the difference of longitude made to the East was 17 
miles after the error on apparent time at ship was determined : required the latitude. 



Time by" watch, Aug. 6<*23'»i5™46" 



Difference of longitude 


6 23 42 2 
+ I 8 


App. time at ship, Aug. 


6 23 43 10 
24 


Time firom noon, Aug. 


7 16 50 


Obs. alt. 0*8 L.L. 
Index correction 


65° i' 0" 
+ 17 


Dip 


65 I 17 
+ 3 36 


Corr, altitude 


64 57 41 
— 23 


Semi-diameter 


64 57 18 
+ '5 49 



App. time at ship, Aug. 6^ 23^43™io« 
Long. 36" 47' W. 4- 2 27 8 

Green, date, Aug. 7 2 10 18 



ByRaper: True altitude 65* 13' 3' 



Decl. apparent noon. 
7th, i6«22' 3'N. 
8th, 16 5 4 N. 



log. 1502 
log. ro444 



16 59 

2b]om 



log, ri946 I 32 

7th, 16 22 3 N. 

Bed. decl. t6 20 31 N. 



True altitude 



65 13 7 



Norie. 

Time from noon i6»5o« rising 3*430750 
Latitude 40^42' cos. 9*879746 

Declination 16 20} cos. 9*982090 

196 1 nat. no. 3*292586 

nat, no. 1961 
True alt. fe'*i3' l" nat. sin. 907899 



H. Z. dist. 24 30 43 N. nat. cos. 909874 
Ded. 16 20 31 K. 



Latitude 40 51 14 N. 



Roper, 

Lat. 41**, decl. i6\^ (same 

name) Table 70 
Time from noon i6™5o« 



log- o*545 
sm. sq. 7*130 



I st reduction + 16' 16* sine 7*675 

True altitude 65*13 3 2 

Approx. M. A. 65 29 19 tang. 0*341 

const. 9*699 

-05 sine 5*390 



2nd reduction 



Mer. altitude 6$ 29 14 

90 o o 

Zenith dist. 24 30 46 N. 
Declination 16 20 31 N, 



Latitude 



40 51 17 N. 



BSDUOnOV 10 MlBIDIAir. 



i«3 



Ex. 5. 1865, September 33rd, p.m. at ship, latitude account 51^ a' N«, longitude 
161* 8' E., observed altitude sun's l.l. South of observer 38^^ 44' 20", index correction 
+ i' 7', height of eye 21 feet, time by ^atch 23** 10^ 50" 0% which had been found to 
be 10^ 39" 2* fast on apparent time at ship, difference of longitude made to Wast was 
8*2 miles after the error on apparent time was determined : required the latitude. 



Time by watch, Sep, 23<* 10^50™ o" 
Watch /(M< — 10 39 a 

23 o xo 58 
Diff. of longitude — 33 

App. time at ship, Sep. 23 o 10 25 



Time from noon 23rd is 



10 25 



App. time at ship, Sep. 23^ o^ io'n25« 
Long. 161° 8' E. — 10 44 3» 

Ghreenwich date, Sept. 22 13 25 53 

By Raper: Index corr, + i'7*, 
dip — 4' 25*, ref. — i' 13*, par. 4- 
7", semid. + 15' 59*, True altitude 

38** 55' 5S"' 



Obs, alt. O's L.L. 
Index correction 



Dip 

Corr, altitude 

Semi-diameter 
True altitude 



38« 44' 20' 
+ I 7 

38 45 27 

— 4 23 

38 41 4 

— I 4 

38 40 o 
+ ^5 59 

38 SS 59 





Decl, 

22nd, 

23rd, 


apparent noon. 
o°i2'47*N, 
10 37 S. 


log. 
log. 


Olio 

2520 
2630 


13 24 
i3»»26'» 


log. 


13 6 S. 

12 47 N. 


Bed. ded. 


19 S. 



Norte, 

Time from noon I o"»25» rising 3*013990 

Latitude 51** 2' cos. 9*798560 

Declination o o cos. o-oooooo 



649 nat.no. 2*812550 

nat. no, 649 
True alt. 38*55' 59* nat. sine 628189 

224 



M. Z. dist.51 I 8 N. nat. COS. 629062 
Ded. o o 19 S. 94 

Latitude 51 o 49 N. 3200 

8" = 

380 



Haper, 

Lat. 51% decl. cP, (dif- 
ferent names) Table 70 log. 
Time from noon io™25" sin. sq. 

ist reduction -\- 2 $2" sine 
True altitude 38^*55 55 



Approx. M. A. 38 58 47 tang. 

const. 



2nd reduction 
Mer, altitude 



Zenith dist. 
Declination 

Latitude 



o o sme 



0*209 
6*713 

6*922 

2 

3*844 
9*908 

9699 
3*451 



38 58 47 
90 o o 

$1 I 13 N. 
o o 19 S. 

51 o 54 N, 



184 



ULTTTUDE BY 



Ex. 6. 1 865, June i4ih, a.m. at ship, latitude account 33* 48' S., longitude 25° 20'E., 
observed altitude sun's l.l. North of observer 32° 33' 10'', index correction — 2' 8", 
eye 17 feet, time by watch 14'* i^ o™ 56', which had been found to bo i^ 20"^ 24" fmt 
on apparent time at ship, the difference of longitude made to the East was x i miles : 
required the latitude by reduction to meridian. 



Time by watch, June 14** 1^ o™56' 
Watch /flw^ — I 20 24 



DifT. of longitude 


+ 


23 40 32 

44 


App. time at ship, June 


13 


23 41 16 

24 


Time fipom noon, June 


14 


18 44 


Obs. alt. 0's L.L. 
Index correction 




32° 33' 10' 
— 28 


Dip 


32 31 2 
— 3 57 


Corr. altitude 




32 27 s, 
— I 22 


Semi-diameter 


32 25 43 
+ 15 47 


True altitude 




32 41 30 



NoHe» 

Time from noon 1 8'n44'» rising 3'52386 
Latitude acct, 33^48' cos. 9*919593 
Declination 23 17 cos. 9*963108 

2550 nat. no. 3 '406561 

nat, no. 2550 
True alt, 32*41' 30" nat. sine 539996 

123 



M. Z. dist. 57 8 4 S. nat. cos. 542669 
Ded. 23 17 3 N. 

Latitude 33 51 i S. 



App. time at ship, June 1 3** 2 3^* 41 " 1 6" 
Long. 25° 20' E. — I 41 20 

Green, date, June 13 21 59 56 



By Eaper : True altitude 32° 41' 20* 



Decl, apparent noon. 
13th, 23° 14' 13" N. 
14th, 23 17 18 N. 



log. 8912 
log, 0378 



3 5 

22™ o* 



log. 9290 2 50 

23 14 13 N. 

Bed. decl. 23 17 3 N. 



Lat. 34°, decl. 23° (con- 
trary names) Table 70 
Time from noon i8'»44" 



log. 0*260 
sin. sq. 7*223 



ist reduction 
True altitude 



•\- 10' 27" sine 7*483 
32** 41 20 2 



Approx, M. A. 32 51 47 
2nd reduction — 1 



4*966 
tang. 9*810 
const. 9*699 



Bine 



4-475 



Mer, altitude 32 51 46 

90 o o 

Mer. zen. dist. 57 8 14 S. 
Declination 23 17 3 N. 



Latitude 33 51 11 N. 

By Towson's Tables: Decl. 23" 20', hour-angle i8«» 44% give in Table i, corr, i 
+ 4' 13* and index 37* : then in Table 2, index 37' and true altitude give + 6' 4*, 
the sum 4- 10* 17* is the reduction. 



SEDUCTION TO MEBIDIAN 



185 



Ex. 7. 1865, May 5tlL, p.m. at ship, latitude account 5^ 13' N., longitude 61^ E., 
obseryed altitude sun's l.l. 78* 41' N., eye 17 foet, time by watch 5^* i" 7% which 
was fowad fatt 4^ 5o» 57*, difference of longitude made since, 20^ miles West. 

App. time at ship, May 5* o^ 8" 48" Green, date, app, time, May 4<* 2o'» 4» 48* 

Time from noon is 8 48 

Ded. 4th noon, 16* 3' o* N. ; ded. 5th noon, 16® 20' 10" N. ; daily variation + 17' 10* ; 
correction -j- 14' 22*; Heduced declination 16° 17' 22" N. 



By None : True altitude 7 8° 5 2' 47 ". 

None. 

Time firom noon 8™48" rising 2 '867540 
Latitude acct. 5' 13' cos. 9*998 197 
Declination 16 17 cos. 9*982220 



705 log. 2-847957 

nat. no. 705 
True alt. 78** 52' 47" nat. sine 981 227 



M. Z. dist. 10 54 31 S. nat. cos. 981932 
16 17 22 N. 



Ded. 
Latitude 



5 22 51 N, 



By Raper : True altitude 7 8® 5 2' 47*. 

Hfljyer. 

Latitude 5® and declina- 
tion 165** (same name) 
Time from noon 8'"48" 



log. 0*989 
siii.sq. 6*566 



I st reduction 
True altitude 



+ 12' 14' 

78° 52 47 



Bme 



7*555 

2 



Approx. M. A. 79 5 I 



2nd reduction — 



5*1 10 
tang. 0*7 15 
const. 9*699 

sine 5*524 



Mcr, altitude 79 4 54 

Mer. zon. dist. 10 55 6 S. 
Declination 16 17 22 N. 



Latitude 
Examples fob Practice. 



5 22 16 N. 



Ex, I. 1865, January 4th, a.m. at ship, latitude by account 34" 47' N., longitude 
27° 12' W., observed altitude sun*s l l. South of the observer was 32° 12' 10', index 
corr. + 4' 1 9"* height of eye 28 feet, time by watch 4*^ o^ 13™ 24% which had been 
found to be 25™ 35*/««< of apparent time at ship, difference of longitude made to West 
was 29''2 after the error on apparent time at ship was dctennincd : required the latitude. 

Ex. 2. 1865, February 28th, r.M. at ship, lat. acct. 43° 46' N., long. 12' 31' "W,, 
obs. alt. sim*s l.l. 38° i' 15* S., index corr, — 5' 10", eye 23 feet, time by watch 
28d i^ 2™ 3% which had been found to be 48" 14^ fast of app, time at ship, diff. of long, 
made to Hast was 14' after error of app. time at ship was found : required the latitude. 

Ex. 3. 1865, March 21st, a.m. at ship, lat. acct. 41° 24' S., long. 105° E., obs. alt. 
sun's L.L. 47® 46' N., index corr. + 26", ej^e 22 feet, time by chron, 20*^ i6*» 58'" 12% 
which had been found to be 6*» 34™ 34' slow on app, time at ship, diff, of long, made 
to East was 23' after error on app. time at ship was determined : required the latitude. 

Ex, 4, 1865, April 2ist, A.M. at ship, lat. acct. 39° 54' N., long. 6° 6' E., obs, alt. 
sun's L.L. 61** 26' 35* S,, index corr. + 1' o", eye 18 feet, time by watch 21^ o^ 8™ 10% 
which had been found to be 27™ io» fast of app, time at ship, diff. of long, made to 
East was 5' after the error on app. time at ship was determined. 



l86 LATITX7BE BY BEDT7CmON TO lOSBIDIAK. 

Ex. 5. 1865, May 29th, p,m. at ship, lat. acct. 37* 15' S,, long. 107' W., obs, alt. 
inn's L.L. 30" 22' 30* N., index corr. + 49", eye 22 feet, time by watch 29*1 7^ 9™ 11% 
which had been found to be 6^ 36™ $6* fast on app, time at ship, diff. of long, made to 
West was 27' after the error on app. time at ship was determined. 

Ex. 6. 1865, June 19th, a.m. at ship, lat. acct, 44** 24' N., long, 14* 5' W,, obs. alt. 
sun's L.L. 68® 37' s" South of observer, eye 18 feet, time by watch 1%^ 20^ 40™ 40% 
which was found to be 3** 2" 2* alow on app. time at ship, diff. of long, made to EMt 
was 32^*5 after error on app. time at ship was determined. 

Ex. 7. 1865, July 1 6th, P.M. at ship, lat. acct. d* 38' S., long. 2* E,, obs. alt. 
inn's L.L. 67" 41' (zen. S.), eye 15 feet, time by watch o*» 11™ 9% found fast on app, 
time at ship 56", diff. of long, made since i^' to East. 

Ex. 8. 1865, August 30th, P.M. at ship, lat. acct. 41* 5' N., long. 139* 25' B., obs. 
alt, sun's L.L. 57° 20' S., index corr. + 2' 2 1*, eye 14 feet, time by watch 29** 22^ 22" 22% 
found to be 2^ o™ i8* slow of app. time at ship, diff. of long, made to West was 34'. 

Ex, 9, 1865, Sept. 9th, P.M. at ship, lat. acct. 9** 20' S., long. 178'' 30' E,, obs. alt. 
lun's ljLh 85" 19' (zen. N.), eye 20 feet, time by watch 1 1*» 59" 40", slow on app, time 
at ship 9°* 21% diff. of long, made to East was io|'. 

Ex. 10. 1865, Oct. nth, P.M. at ship, lat. acct. 45* 51' N., long, 850 3' E., obs. alt. 
sun's L.L. 36* 38' 15* S., index corr. — 5' 15', eye 16 feet, time by watch 10* i8*»50™ lo" 
which was s^ 40*" i2" slow on app. time, diff. of long 33' West, 

Ex. II. 1865, Nov. 3rd, P.M. at ship, lat. acct. 32° S., long. 109® 39^ E., obs. alt. 
sun's L.L. 71* 50' N., index corr. + 32", eye 18 feet, time by watch 2** 22^ 22™, which 
was found 2^ slow, diff. of long. 28'*7 West. 

Ex. 12. 1865, Dec, 23rd, A.M, at ship, lat. acct. 47° 22' S., long. 27° 3' W., obs. 
alt. sun's L.L. 65* 10' 15* N., index corr. +45", eye 12 feet, time by watch22*' 22*^59™ 4*% 
found to be 28™ 4o» slow, diff. of long, was 36' East, 

Ex, 13. 1865, Jan. 5th, P.M. at ship, lat. acct. 8® 50' N., long. 130° 14' W., obs. 
alt. sun's L.L. 58° 6' 10* S., eye 21 feet, time by watch o^ 2" 40% found 13™ 48" slow 
on app. time, diff. long, made since 16' East, 

Ex, 14. 1865, April 28th, A.M. at ship, lat. acct. i8' 46' S., long. 34* 12' W., obs. 
alt. sun's L.L. 56® 1 8' (zen. S.), index corr. + 1* $\ eye 2 1 feet, time by watch 1 1^40™ 50', 
found /m^ 2™ 17" on app. time at ship, diff. long, made since 175 West, 

Ex. 15. 1865, July 13th, A.M. at ship, lat. acct, 54* 35' S,, long. 152* 20' W., obs. 
alt. sun's L.L, 13' 17' N,, index corr. + 47*, eye 12 feet, time by watch 13^ 7^54" 12% 
which had been found to be 8** 14™ i7» fast on app. time at ship, diff. of long, made 
to West was 34' after error on app. time was determined. 

Ex. 16. 1865, March 20th, a,m. at ship, lat, acct. 19" S., long. 33** 33' W,, obs. 
alt. sun's L.L. 70° 2 1' N., index corr. — 2' 10*, eye 16 feet, time by chron. 20* 7** 48™ 17% 
found /<M^ on app. time at ship %^ 6™ ii«, diff. of long, made since 14 J' East^ 

Ex. 17. 1865, April 12th, A.M. at ship, lat. acct. o*, long. 164° 12' W., obs. alt 
sun's L.L. 8o* 36' N., index corr. — 5' 10", eye 21 feet, time by watch 11^ 0^0™ %*,fa8i 
on app. time at ship lo™ 51% diff, of long, made to East was 7^'. 



LA11TX7DE BY A STiB. 187 

Ex. 18. 1865, Sept i6tli, A.U. at ship, lat. acct 42^ 36' S., long. 137^ 10' E., obs. 
alt. sun's L.L. 44" 6' N., index coir. + 2' 10', eye 19 feet, time by watch i6<* 8^ 41°* 43% 
which had been found to be 9^ 2™ 47" /m^ of app. time at ship, the diff. of long, made 
to West was 14' after the error on app. time at ship was determined, 

Ex. 19. 1865, March i6th, a.u. at ship, lat. acct, 37° 42' K., long. 6 1^ 40' E., obs, alt 
sun's L.L. 50* o' 30' S., index corr. -|- 34*, eye 15 feet, time by watch 10^ 53" 31% 
found alow on app. time at ship i^ 3"^ 22% diff. of long, made since 1 8' Weat. 

Ex. 20. 1865, December 3i8t, a.m. at ship, lat acct. 52^^ N., long. 12^53' W., 
obs. alt sun's l.l. 14** 46' S., eye 19 feet, time by watch o^ 56", which was/a«^ on 
app. lime at ship i^ 5°* 20", diff. of long. 21^*4 West, 

Ex. 21. 1865, March 5th, p.m. at ship, lat, acct, 33° 35' K., long. 78** E., obs. alt 
sun's L.L. 49* 53^ 15* 8., index corr, — 3' 15", eye 22 feet, time by watch 4* 19^ 2" 12% 
found to be 5^ 17" 1 2» slow, diff. of long, was 10' JEaat. 

Ex. 22. 1865, September 22nd, a.m. at ship, lat. acct. 45^ 45' S., long, iii^ 42' W.» 
obs. alt sun's l,l. 43* 50' N., index corr. — 5' 40", height of eye 1 8 feet, time by watch 
23* 7^ 41™ io», found to be 8^ 4™ 10* faatf diff. of long, was 13' '5 Hast. 

Ex. 23. 1865, December 23rd, p,m. at ship, lat, acct 42° 16' N., long. 4* 39' W., 
obs. alt sun's vj*, 24** 14' 10*8., eye 1 1 feet, time by watch o^ 50" 58", fast on app, 
time at ship 19" 38% diff. of long. 2i'-3 West. 



ON FINDING THE LATITUDE BY A MEEIDIAN 
ALTITUDE OF A FIXED STAE. 



EXILE LXI, 

1°. Taiefrom Nautical Almanac the starts declination, 
2^. To the observed altitude apply the index error^ as the sign attached 
directs, 

3°. Subtract the dip answering to the height of eye (Table 5, Norie ; 
Table 30, Eaper). 

4°. Subtract the refraction (Table 4, Norie; Table 31, Eaper), and 
thus get the true altitude, 

5°. Subtract the true altitude from 90° / the remainder is the zenith 
distance, 

6*. Mark the zenith distance N. or S., according as the observer is North 
or South of the star. 
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LATITTJDB BY A STAR. 



7°. Underneath this last place the declination^ and talce their sum if they 
have the same names ; hut take their difference, if they have unlike names ; 

the result, in either case, will he the latitude. 

The declination of a fixed star changes so slowly that it may be taken out of the 
Nautical Alnwfiac by inspection j TN'ithout any practical error resiilting ; a Greenwich 
date, therefore, is clearly unnecessary. 

8°. JFhen the zenith distance and declination are of the same name, the 

latitude is of that name ; when the zenith distance and declination are of 

different names, the latitude takes the name of the greater. 

The stars are inserted in the Natitical Almanac in the order of their Bight 
Ascension, from o^ to 24** ; it will, therefore, very much facilitate the finding of the 
given star in the Nautical Almanac j to turn, in the first instance, to the three pages 
(324 — 2^6, Nautical AlmanaCf 1865) and thence obtain 
the stsur's Kight Ascension, which find at the top 
of one of the pages following (327 — 385, Natitical 
Almanac, 1865), which will give the star, and the 
declination will be found opposite the day in the 
side column which is nearest the given day. The 
degrees f*) and minutes (') are placed at the top of 
the column (as annexed), and the seconds (") are 
ranged below, for the sake of economizing space 
in the second column below the name of the star. 
If the seconds exceed 60", only take the excess of 60* 
and increase the minutes (') at the top by i'. Thus, 
on January 21st, the decimation of Andromeda? is 
28" 20' 52" N., and on October i8th, the declination 
is 38° 21' 11" N., — ^jo""] being i' 11", which last 
added to 28° 20', which stands at the head of the column, gives the declination. 

Examples. 



Date. 


a Andromedse. 








R.A 


DecLN. 




Oh im 


28» 20' 


Jan. 1 


25-50 


54"-6 


11 


2535 


53*5 


21 


25-21 


52-2 


31 


2509 


507 


&c. 


&C. 


&c. 


Oct. 8 


29*20 


69*2 


18 


29-17 


707 


&c. 


29*12 


719 



Ex. I. 1865, Dec. 29th, long. 140'* "W., 
the obs. mer. alt of the star a Leonis 
fRegulusJ, bearing South, was 52° 7' 30*, 
index corr. — 27", height of cjc 15 feet: 
required the latitude. 

Observed altitude of star 52' 7' 30" 
Index correction — 27 



Dip 15 feet 



Befraction 
True altitude 



52 7 3 

— 3 42 

52 3 21 

— 44 

52 2 37 

90 o o 



Zenith distance 37 57 23 N. 

Declination (N. A., p. 355) 1237 4 N, 

Latitude 50 34 27 N. 

By Rapor : Index cor. — 27", dip — 
3' 50^ ref. — 46", ti'uc alt. 52° 2' 27% 
Latitude 50^ 34' 37" N. 



Ex. 2. 1865, March 12th, long. 10® E., 
obs, mer, alt. of the star Follux, bearing 
North, was 71° 59' 10", index corr. + 
1' 15% height of eye 18 feet : required the 
latitude. 



Observed altitude of star 
Index correction 



Dip 1 8 feet 

Refraction 
True altitude 



7'* 59' 
+ I 



10" 
15 



72 o 25 

— 44 

71 56 21 

— 18 

71 56 3 
90 o o 



Zenith distance 18 3 57 S. 

Declination (N.A. p. 351) 28 20 48 N. 

Latitude 10 16 51 N. 

By Raper: Index corr. -|- 1' 15% Dip 
— 4' 10", ref. — 19", true alt. 71° SS' S^% 
Latitude 10° 16' 44* N, 
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Ex, 3, 1865, Feb. 1 8th, long. 84" W., 
the obs. mer. alt. of the star a Argus 
fOanopus), hearing South, was 37* 26', 
index corr, + x' 17*, height of eye 16 
feet. 

Observed altitude of star 37** 26' o" 
Index correction -j- i 17 



Dip 

Ee&action 
True altitude 



37 27 17 
— 3 50 

37 23 27 

37 22 12 
90 o o 



Zenith distance 52 37 48 N. 

Declination (N.A. p. 348) 52 37 48 S. 

Latitude 000 

By Baper: Index corr. 4- i' 17', dip 
— 4' o', ref. — i' 16% true alt. 37'* 21' i", 
Latitude o* of' 11* K. 



Ex. 4. 1865, Jan. ist, long. 100° E., 
the obs. mer. alt. of the star a Canis Ma- 
joiiBfSinwJ , bearing South, wa859'* 59' 50" 
index corr. + 4' 12", height of eye 24 
feet. 



Observed altitude of star 
Index correction 



Dip 24 feet 



Refraction 
True altitude 



59' 59 50* 
-f 4 12 

60 4 2 

— 4 42 

59 59 20 

— 33 

59 58 47 
90 o o 



Zenith distance 30 i 1 3 N. 

Declination (N.A. p. 349) 16 32 12S. 

Latitude ^3 29 ^ N. 

By Raper: Index corr. + 4' 12", dip 
— 4' 50", rof. — 34", true alt. 59' 58' 38% 
Latitude 13'' 29' 10* N. 



Examples fob Pbactice. 
In each of the following examples it is required to find the latitude :■ 



KO. CXTIL DATS, 
1865. 

1. Nov. 7th, 

2. Jan. ist, 

3. Aug, 19th, 

4. Dec. 22nd, 

5. April nth, 

6. June loth, 

7. Dec. 27th, 

8. Nov. 30th, 

9. Feb. 2nd, 

10. June ist, 

11. May 22nd, 

12. July 17th, 

13. Oct. 17th, 

14. March 2nd, 

15. April 3rd, 

16. Aug. 7th, 

17. May ist, 

18. Oct. 29th, 

19. Mar. 3Tst, 

20. Sept, nth, 



L0270. 

90" W, 

27 W. 

84 £. 

82 E. 
142 W. 
151 E, 

91 W. 

24 TV. 

76 E. 

97 E. 
178 W. 

29 E. 
165 E. 

154 w. 

Ill E. 
40 W. 
8 E. 
5 W. 
36 E. 
12 W. 



8TAK 



OBS. ALT. 



COSR. 



a AndromedsB 

a Aurigaa fCapeUaJ 

a Lyr89 (Vegra) 

a Persci 

a Virginas (SpicaJ 

a Eridani (AchemarJ 

(AlgenibJ 

a Arietis 

a Tauri (AUeharan) 

a?- Crucis , 

a HydrsB .................. 

a Cygni 

a AquilsB (Altair) , . . 

a Canis Majoris (SiriusJ , . . . 

a Bootis (AreturwJ 

a Scorpii (AntaresJ 

a* Centauri 

a Piscis Australis (Fomalhaut) 

a Pegasi (MarkabJ , 

a Casscipea • 



750io'30^S. +o'27* 
54 o 15 N. — I 45 

50 o 20 N. 00 

51 51 45 S. + o 40 
63 14 30 S. + 3 47 
40 10 25 S. + o SS 

78 16 45 S. — o 25 
68 23 o N. — I 38 

29 52 10 N. + 5 20 
75 10 30 S, — I 40 

30 28 53 S. — 7 38 
20 13 50 N. 00 
60 49 10 N. + o SS 
58 58 50 N. + I 10 

79 49 40 S. — 2 5 
68 49 30 S. — I 54 
10 2 50 S. — o 45 
70 6 o N. + o 55 
33 20 50 N. + 1 20 
62 24 50 N. — 7 30 



EYE. 

25ft. 

18 

22 

26 

22 

24 

24 
28 

15 

14 
II 

18 

17 
20 

25 
21 

20 

12 

20 

19 



k9<> 



OEDINAET EXAMINATION. 



EXAMINATION PAPEE.— No. I. 

FOR SECOND MATE. 

1. Multiply 498 by 637, by common logarithms. 

2, DiTide 143613 by 591, by common logarithms. 

3.— 



H. 


GOUBSES. 


K 

4 


I 
8 


"Winds. 


Lee- 

■^^ WAY. 


Kemabxs, &c. 


I 


W.S.W. 


N.W. 


A point, in lat. 37* 3' N., 


2 




5 


4 






long. 9® 0' W., bearing by 


3 




5 


4 






compass N.E. | E., distance 


4 




5 


4 






15 miles. 


5 


N.W.JN, 


5 


2 


W.B. W. 


i 




6 




5 


3 








7 




5 


3 








8 




5 


2 








9 


N,N.W. 


4 


6 


w. 


i 




10 




4 


5 








.11 




4 


5 








12 




4 


4 






Variation 2 points West. 


I 


N.W. by W. 


3 


8 


S.W. by W. 


li 




2 




3 


6 








3 




3 


4 








4 




4 


2 








5 


S.W. } 8. 


3 


3 


s.s.s. 


I 




6 




3 


3 








7 




3 


2 








8 




3 


2 






A current set by compass 
S.W. by W. f W;, 8 miles, 


9 


W.JS. 


4 


3 


S. by W. 


i 


10 




4 


2 






from the time the departure 


II 




4 


2 






was taken to the end of the 


12 




4 


3 






day. 



Correct the courses for variation and leeway, and find the course and distance from 
the g^yen point, and the latitude and longitude in by inspection. 

4. 1865, January ist, in longitude 109" 41' W., the observed meridian altitude of 
sun's L.L. was 59® 59' 50% bearing South, index error + 50*, height of eye 15 feet : 
required the latitude. 

5. In latitude 59^ 58' K., the departure made good was 124 miles : required the 
difference of longitude by parallel sailing. 

6. Bequired the course and distance from A to Tynemouth Light, by Mercator's 
sailing. 

Lat A 57» 57' N. Long. A 7'» 12' E. 

Lat Tynemouth light 55 i N, Long. Tynemouth Light i 25 W. 
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ADDITIONAL FOR ONLY MATE. 

7. 1865, January 6tli, find the times of high water at Cherbourg, a.m. and p.m. 

7a. 1864, Jan. 6th, find a,ic and f.m. tides at Cherbourg f Admiralty Tide TablesJ, 

*jb, 1865, January and, find a.m. and POf, tides at New Calabar Biver, longitude 
7* E., change tide 5^ o™ (By Bule TjTTT, page 151), 

8. 1865, January ist, at 8^ 4" a.m. apparent time at ship, in latitude s^ 3^' N., 
longitude 139** 51' W., the sun's magnetic amplitude £. by S. } S. : required the true 
amplitude and variation, 

9. 1865, January 29th, p.m. at ship, latitude 42" 26' N., observed altitude sun's l.l, 
13* 40', index error — i' 14*, height of eye 16 feet, time by chronometer 29<* 6^ 48" 40*, 
which was 8°^ 7" slow for Greenwich mean noon, January ist, and gaining 6"*3 daily : 
required the longitude by chronometer. 

ADDITIONAL FOB FIBST MATE. 

10. 1865, January 15th, mean time at ship 9^ 39™ 44* a.m., latitude 23^ 39' S., 
longitude 127** 52' W., sun's magnetic azimuth S. 93** E., observed altitude sun's l,l. 
S5t* 8' 30*, index error — 2' 30', height of eye 12 feet: required the true azimuth 
and variation. 

11. 1865, January 17th, t.m. at ship, latitude by account 36** 2' N., longitude 
149° 28' E., observed altitude sun's l.l. South of observer was 32" 54' 15*, index error 
+ 2' 18*, height of eye 22 feet, time by watch 16** 23** o", which had been found to 
be i^ 19™ 24* alow on apparent time at ship, the difference of longitude made to the 
West, since the error of watch on apparent time at ship was determined, was 39^*2 
required the latitude by reduction to meridian. 

ADDITIONAL FOB MASTEB ORDINABY. 

12. 1865, January 24th, the observed meridian altitude of the star a Tauri 
(AldebaranJ was 52° 36' bearing South, index correction — 23*, height of eye 20 feet i 
required the latitude. 

13. Correct the following compass courses for deviation, as given at page 17 :— 

N.N.W., N., and N.E. by N. 

EXAMINATION PAPEE.— No. H. 

FOR SECOND MATE. 

1. Miiltiply 537 by 6*98, by common logarithms. 

2. Divide 999*432 by 67*8, by common logarithms. 
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OBBINABY EXAMIKATIOir. 



H. 


Courses. 


K 


I 


Winds. 




Eemabks, &c. 


I 




7 


10 

2 







J 


8.E. by E. 


N, 


A point in lat. 47" 31' N., 


2 




7 


3 






long. 52"* 33' W., bearing by 


3 




7 


5 






compass W.S.W., distance 


4 




7 








18 miles. 


5 


S.E. 


7 




E.N.E. 


i 




6 




6 


5 








7 




6 


4 








S 




6 


I 








9 


E. by N. 


5 


8 


S.E. by S. 


I 




fO 




5 


8 








II 




5 


4 








12 




5 








Variation 2| points West. 


I 


E.N.E. 


4 


8 


S.E. 


'J 


' 


2 




4 


7 








3 




4 


5 








4 




4 










5 


S.S.E. 


3 


8 


E. 


2 




6 




3 


8 








7 
8 

9 




3 


4 








S.E. by S. 


4 
5 




E. by N. 


li 


A current set by compass 


10 




5 


3 






S. by E., 12 miles, from the 


II 




5 


4 






time the departure -was taken 


12 




5 


3 






to the end of the day. 



4. 1865, February ist, in longitude 78° 14' E., the observed meridian altitude of 
8un*s L.L. was 78* 4' 10'', bearing South, index error + 55% height of eye 12 feet: 
required the latitude. 

5. In latitude 47* 30' N,, the departure made good was 1 15*5 miles : required the 
difference of longitude by parallel sailing. 

6. Bequired the course and distance from St. Helena to Cape Horn, by calculation 

on Mercator's principle. 

Latitude St. Helena 15" S5 S. Longitude St. Helena 5* 44' W. 

Latitude Cape Horn 55 59 S. Longitude Cape Horn 67 16 W, 

ADDITIONAL FOR ONLY MATE. 

7 . 1 865, February 15 th : required the times high water at Aberdeen, a.m. and f. h. 
7 a. 1 864, February 1 1 th : find a.m. and p.m. tides at Shields (Admiralty Tide TablesJ . 
7^. 1865, February 7th, find a.m. and p.m. tides at Halifax, longitude 64** W., 

change tide 8*» o™ apparent time (by Method III). 

8. 1865, February 20th, at 6** 9" p.m. apparent time at ship, latitude 11® 58' S., 
longitude 179' 42' E., sun's magnetic amplitude W.S.W. : required the yariation. 

9. 1 865, February i oth, a.m. at ship, latitude 50* 48' N., observed altitude sun's l j.. 
9® 10' 50*, index correction — 3' 20*, height of eye 18 feet, time by chronometer 
^d ^h ^^ra 25», which was 34™ 12" fast for mean noon at Ghreenwich, January loth, 
and losing io*'8 daily : required the longitude. 



OBDINABT BZlHUTATIOXr. 
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ADDinONAL FOR FIRST MATE. 

TO. 1865, Febmaxy i6thy mean time at ahip 8^ 7™ 35* jl.m., latitude 51** 2' K., 
longitude 140** 34' W., sun's magnetic azimuth S. 36** 20' E., observed altitude sim*s L.L. 
7* 16' 40% index collection — 6' 10% height of eye 15 feet : required the variation, 

1 1. 1865, February i5thy a.ic. at ship, latitude acct, 55" 59 S., longitude 54* 1 8' E., 
observed altitude sun's l.l. North of observer was 46'' 22' 10'', index correction 
— i' 50*, height of eye 19 feet, time by watch 15'' 3^ o" 5% which had been found to 
be 3^ yo^faat on apparent time at ship, the difference of longitude made to East was 
i6''8: required the latitude. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, February 12th, the observed meridian altitude of star Procyon, South of 
observer, was 77° 18' 10*, index correction + 19*, height of eye 16 feet: required 
the latitude. 

13. Correct the following compass courses for deviation, as given in page 73 : 
8, by E. \ E., W. by S. } S. 

EXAMINATION PAPEE.— No. HI. 

FOR SECOND MATE, 
!• Multiply 488 by 62-8, by common logarithms, and prove the result. 
2. Divide 666*666 by 8 '8 8, by logarithms, and prove the result by decimals. 

3.— 



H. 

1 


COU&SES. 


5 


I 
10 

4 


Winds. 


w ^ 


Remabks, &c. 


S.S.E. 


E. 


A point of land in lat. 


2 




J 


6 






62° N. long, 150" E., bearing 


3 




4 


9 






by compass W. by S, J S., 


4 




4 


8 






distance 17 miles. 


J 


aaw, I w. 


4 


7 


W. 


»f 


• 


6 




4 


8 








7 




5 


2 








8 




5 


3 








9 


W.8.W. 


5 




S. 






10 




6 










XI 




6 


5 








12 




6 


5 






Variation 2} points East. 


1 


W.J N. 


6 


6 


N. by E. 







2 




7 










3 




6 


4 








4 




6 










5 


E. 


4 


6 


S.S.E. 


»J 




6 




5 










7 




4 


8 








8 




4 


6 






A current set the shijp by 


9 


E.i^tE. 


4 




S. by W. 





compass N.N.E., 21 miles. 


lO 




4 


5 






from the time the departure 


II 




4 


5 






was taken to the end of the 


12 




5 








day. 



cc 
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OBDINABY EXAMTKATIOy, 



4. 1865, March 20th, longitude 173* 18' W., the observed meridian altitude of 
Bun*s L.L, was 89° 38' 10* bearing North, index correction + 4' 2"]"^ height of eye 18 
feet : required the latitude. 

5. In latitude 34" 28' S., the departure made good was 394-2 miles : required the 
difference of longitude by pai-aUel sailing. 

6. Required the course and distance from the Cape of Good Hope to Cape Frio. 
Lat. Cape Good Hope 34** 28' S. Long. Cape Good Hope 18° 28' E. 
Lat Cape Frio 23 o S. Long, Cape Frio • 41 57 W. 

ADDITIONAL FOR ONLY MATE. 

7. 1865, March 17th, find the times of high water at Cowes, a.m. and p.m, 

711. 1864, March 2nd, find times high water a.m. and f«m. at Havre (Admiralty 
Tide Tables), 

*jb, 1865, March 9th, find times high water at Calcutta, long, 88** 27' E., change 
tide 3»» 5» (by Method III). 

8. 1865, March 6th, at s^ 31™ 52' p.m. apparent time at ship, in latitude 52° 12' N., 
longitude 138* 54' E., the sun's magnetic amplitude was W. f S, : required the 
Tftriation. 

9. 1865, March 31st, a.m. at ship, latitude 26* 9' N., observed altitude sun's l.l. 
29* 10' 20*, height of eye 26 feet, time by chronometer 3i<* o^ 4" 50*, which was 
58™ 58" fast for mean noon at Greenwich, Nov, 20th, 1864, ojodff ainin^ 5*8 daily: 
required the longitude. 

ADDITIONAL FOR FIRST MATE. 

10. 1865, March 10th, mean time at ship, 'j^ 35™ 25" a.m., latitude 42** 41' S., 
longitude 148° 5' E., sun's bearing by compass S. 108° 37' 30* E., observed altitude 
inn's L.L. 17® 57' 40", height of eye 19 feet : required the variation, 

11. 1865, March 25th, p.m. at ship, latitude acct, 20° i' N., longitude 890 10' E., 
observed altitude sun's l.l. South of observer was 7 1° 9', height of eye 1 8 feet, time 
by watch 24^ 17** 38™ J2", which had been found to be 6*> 31™ 8« slow on apparent 
time at ship, the difference of longitude made to JEast was 13} miles, after the error 
on apparent time was determined : required the latitude by reduction to meridian, 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, March 19th, the observed meridian altitude of a Bootis (ArcturtMj, 
36* 10' 20*, bearing North, index correction + 2' 42", height of eye 20 feet : required 
the latitude. 

13. Correct the following compass courses for deviation, as given at page 73 : — 
W. * 8., E. by N. J N. 

EXAMINATION I^APEE.— No. lY. 

FOR SECOND MATE. 

I. Multiply, by common logarithms, 456 by 28. 
2% Divide, by common logarithms, 46292 by 142. 
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H. 


COUBSBS. 1 

1 


K 


I 

lO 


Winds. 


Lee- 
way 


I 


S.W. i.TV. 


3 


5 


S. by E. J E. 


2 


2 


1 
1 


3 


2 






3 


1 

1 


3 


6 






4 
5 


• N. i E. 


3 

5 


7 
4 


E.N.E. 


i 


6 




5 


6 






7 




5 


6 






8 




4 


8 


. 




9 


S. by E. J E. 


2 


4 


S.W. J TV. 


^l 


lO 




2 


3 






II 




2 


2 






12 




2 








I 


W. by S. 


3 


2 


S. by W, 


»} 


2 




3 








3 




2 


6 






4 




2 


8 






5 


E.N.E. 


2 


4 


S.E. 


»i 


6 




2 


3 






7 




2 


4 






8 




2 


3 






9 


S.S.TV. J TV. 


' 3 


6 


S.E. 


>i 


lO 




3 


7 






II 




3 


2 






12 




3 


4 







Kemailks, &0. 



A i)oint, in lat. 50* 12' S,, 
long. 179" 40' W., bearing 
by compass N, J W., difl- 
tunco 19 miles. 



Variation i^ point East. 



A current set by compass 
S.W. i W., 22 J inilos, from 
the time the departure was 
taken to the end of the day. 



4, 1865, April ist, in longitude 87° 42' W., observed meridian altitude sun's l.l, 
Soutb of observer was 48° 42' 30', index correction + i' 42*^, height of eye 18 feet: 
required the latitude. 

5, In latitude 49° 57' N., the departure made good was 149 miles ; required the 
difference of longitude by parallel sailing, 

6. Required the course and distance from A to B. 

Latitude A s^*" 35' S. Longitude A 2° 15' E. 

Latitudes 51 10 S. Longitude B 3 10 W. 

ADDITIONAL FOR ONLY MATE. 

7. 1865, April 2ist, required the times of high water at Chatham, a.m. and p.m. 
7a. 1864, April loth, find a.m. and p.m. tides at New York, longitude 74** "W. 

(AdmiraUy Tide Tables.) 

7^. 1865, Ai)ril 30th, required Iho times of high water a.m. and p.m. at A, longi- 
tude 100° W., change tide 4^* 10™ apparent time (by Method III). 

8, 1865, April 28th, at 5^ 14" 2» p.m. apparent time at ship, latitude 38' 19' S., 
longitude 88® 48' E., sun*s magnetic amplitude N.TV. by TV, : required the variation. 

9. 1865, April 15th, P.M. at ship, latitude 37° 49' S., observed altitude sun*s l.l. 
was 26® 27' 30", index correction — 49', height of cj-o 13 feet, time by chronometer 
i4d 22^ 48™ 17", which was 54" 51" fast for Greenwich mean noon, January 22nd, 
and losing 11" 3 daily : required the longitude. 
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OBDmABY EXAMINATION. 



ADDITIONAL FOR FIRST MATE. 

10. 1865, April 17th, mean time at ship 2*»49" 45" p.m., latitude 39® 50' N,, longi- 
tude I* 35' E., sun's bearing by compass "W. 6* S,, observed altitude sun's l.l, 42® 10', 
index correction — 45*, height of eye 14 feet : required the Tariation, 

11. 1 865, April 19th, A.M. at ship, latitude account 46° 15' N., longitude 178** 12' E., 
obsexred altitude of aun's l.l. South of observer 54° 7', index correction + a' ^2', 
height of eye ao feet, time by watch i8<* 21^ 24°^ 22% which had been found to be 
2^ 5™ tlow on apparent time at ship, the difference of longitude made to the Hatt was 
30 milts, after the error on apparent time was determined, 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, April 12th, the observed meridian altitude of the star Spica, South of 
observer, was 20* 58' 40", index correction — 45*, height of eye 25 feet : required the 
latitude. 

13. Ooirect the following courses for local deviation, as given at page 73 : — 
W, by 8., West, N. by E., East. 

EXAMINATION PAPEE.— No. V. 

FOR SECOND MATE. 

1, Multiply 767 by 89*8, by common logarithms, 

2, Divide 66889*2 by 997, by common logarithms. 

3<— 



H. 

I 


C0UB8K8. 


K 
3 


X 

10 


"Winds. 


M ^ 


Remarks, &c. 


S.S.E. ^ E. 


S.W. 


A point, in lat. 64° 2' 8., 


2 




3 


2 






long, 140P 21' E., bearing 


3 




3 


4 






by compass W. by N. f N„ 


4 




2 


7 






distance 12 miles. 


5 


E. by S. } S. 


2 


4 


N.E, 


3 




6 




3 


3 








7 




3 


4 








8 




3 


5 








9 




3 


4 








10 


W.N,W. 


4 


2 


N. 


»i 




II 




4 


3 








12 




4 


4 








I 


N.N j:. i E. 


5 


6 


N.W, 


•f 


Variation 3^ points East. 


2 




5 


5 








3 




5 


3 








4 


w,s.w. 


2 


6 


N.W. 


3i 




5 




2 


4 








6 




2 


3 








7 


N.N.W. 


3 


7 


W. 


2 




8 




3 


6 








9 




3 


4 






A current set by compAAS 
N. by E. i E., 29 miles from 


10 


S.S."W. 


6 


5 


w. 


Ij 


II 




6 


7 






the time the departure was 
taken to the end of the day. 


12 




7 


2 







OBDINABY EXAMINATION. 1 97 

4. 1 865, May 8th, in longitade 1 05^ 1 7' W., observed meridian altitade of sen's l.l. 
bearing KorUi was 76** 3', index coxrection — x' 27% height of eye xo feet : required 
the latitude, 

5. In la^tnde 3^ 24' K., the departure made good was 982 miles : required the 
difference of longitade by parallel sailing. 

6. Required the course and distance from A to B, by calculation on Mercator's 
pQcinciple. 

Latitude A 39° 39' K. Longitude A 51** 51' E. 

Latitude B 27 27 K. Longitude B 33 33 E. 

ADDITIONAL FOE ONLY MATE. 

7. 1865, May 22nd, find the times of high water a.m. and p.m. at Margate Pier, 
Berwick, and Downs (stream), 

70. 1864, May 1 8th, find a.m. and p.m. tides at Aberdeen f Admiralty Tide TdbUsJ. 
fb. 1865, May 8th, find a.m. and p.m. times of high water at A, longitude 2e° E., 
change tide 2^ 58<n. 

8. 1865, May 21st, at 7^ 29™ a.m. apparent time at ship, latitude 45* 53' S,, 
longitude 50*^ 39' K, sun's magnetic amplitude N.N.E. j- E. : required the variation. 

9. 1865, May 22nd, A.M. at ship, latitude 43^ 25' N., observed altitude sun's l.l. 
32^ 8', index correction 4- 47^ height of eye 15 feet, time by chronometer 2 1 <i 2 1^ 6" i o*, 
which was 2» j^$*fa»t for mean noon at Greenwich, April 1st, and gaining 4** 8 daily : 
required the longitude. 

ADDITIONAL FOR FIRST MATE. 

xo. X865, May 25th, mean time at ship 3^ 29™ 47* p.m., latitude 41® 58' N., 
longitude 96® i' W., sun's bearing by compass N, 108® 30' W., observed altitude 
sun's L.L. 4cf 40' 40', index correction •\- 2' 15*", height of eye 12 feet: required the 
variation. 

XX. 1 865, May i oth, p.m. at ship, latitude account 28* 1 3' S., longitude 1 1 2* 15' W,, 
observed altitude of sun's l,l. North of observer was 43° 35' 20", index correction — 
6' X2', height of eye X9 feet, time by watch ic* 7^ 20" 26% which had been found to 
be 6^* s^ 45' f^ ^^ apparent time at ship, the difference of longitude made to the 
East was 26', after the error on apparent time was determined : required the latitude, 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, May I oth, the observed meridian altitude of Spica, bearing North, was 
70* xo' 25*, index correction + 42*, height of eye 22 feet : required the latitude. 

13. Correct the following courses for the local deviation, as given in page 73 :— 
E.S.E., NJT.W., W.S.W,, N.E. 

EXAMINATION PAPEE.— No. VI. 

FOR SECOND MATE. 

X. Multiply 588 by 867, by common logarithms, 
a. Divide 396694 by 898, by common logarithms. 



198 

3 — 



OBDINABY BXAMINATIOlf. 



H. 


C0UB8ES. 


K 


I 


Wnms. 


H -4 


£ehabk3, &C. 


I 




6 


10 
3 




3i 




E. }N. 


8. by E. 


A point, in Ut. 56" 12' N., 


2 




6 


3 




•^ TE 


long. 135° 40' W., bearing 


3 




6 


3 






by compass W.S.W,, dis- 


4 




6 








tance 22| miles. 


5 


N.W. i N. 


5 


I 


8. by W. 







6 




4 


8 








7 




4 


8 








8 


W.N.W. 


4 


9 


N. 


3 




9 
10 


N. JW. 


5 

5 


7 
8 


W.N.W. 


2i 




II 




5 


9 








12 




6 


5 






Variation 2j points East. 


I 


E.5S. 


6 


4 


8. 


If 




2 




6 


3 








3 


w.s.w. 


6 


2 


8. 


2 




4 




5 


7 








5 


s.w. i w. 


4 


8 


8. by E. 


3l 




6 

to 




5 


I 








7 
8 




5 

4 


5 






A current set by compass 


9 


8. by W. 


4 


5 


W. by 8. 


»l 


8. by W. J W., 16 miles, 


10 




4 


5 




^ 


from the time the departure 


II 


* N.W. by N, 


3 


9 


W. by 8. 


2i 


was taken to the end of the 


12 




4 


2 






day. 



4. 1 865 , Juno I st, in longitude 96° 1 7 ' E. , the observed meridian altitude of sun*s l.l, 
was 75° 38' 15* bearing North, index correction 4- 27*, height of eye 26 feet : re- 
quired the latitude. 

5. In latitude 35' 54' S., departure made good, 249 miles : required the difference 
of longitude. 

6. Bequircd the course and distance from A to B, by Mercator*s sailing. 

Latitude of A 3° 1 9' N. Longitude of A 7 1* 42' W. 

Latitude of B 33 2 8. Longitude of B 122 20 W. 

ADDITIONAL FOR ONLY MATE. 

7. 1865, June 2ist, find the times of high water, a,m. and p.m., at King's Bead, 
Montrose, Loith Pier, Tay Bar, and North 8hields. 

'J a, 1 864, Juno 2 ist, find a.m. and p.m. tides at Kotterdam and Heligoland (M. II.}. 

7*. 1865, June 12th, find time high water at Eio Janeiro (43** 12' W,), change 
tide 2*> 40™ P.M. 

8. 1865, June loth, at 4^ 45« p.m. apparent time at ship, latitude 36* 42' 8., 
longitude 120'' 30' E., sun's magnetic amplitude N.W. | W. : required the true am- 
plitude and variation. 

9. 1865, June 15th, p,M. at ship, latitude 2° 2' 8., observed altitude sun's l.l. 
28^ 38', index correction -]-• 48", height of eye 12 feet, time by chronometer 15^0^3™ i8«, 
which was 2^ 24" 19* fast for mean noon at Greenwich, April 30th, and loHng 8«-3 
daily: required the longiludc. 
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ADDITIONAL FOR FIRST MATE. 

10. 1865, June 8th, mean time at ship 7>> 50™ a.h., latitude 15° 45' N., longitude 
32* 33' "W,, Bun's bearing by compass S. 93** E., observed altitude sun*s uu 31° 10', 
index correction — i' 22*, height of eye 18 feet : required the variation. 

11. 1865, June 5th, P.M. at ship, latitude account 61° 58' N., longitude 155° 21' E., 
observed altitude sun's l.l, South of observer was 49"* 50' 30', index correction 
4" 2' 10', height of eye 21 feet, time by watch 4^ 23'* 48™ 26% which had been found 
to be 5o»» io» slow on apparent time at ship, the difference of longitude made to JJ'est 
was lY'St ^or the error on apparent time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, Juno nth, the observed meridian altitude of the star Pollux, bearing 
North, was 48" 40' 24*, index correction — i' 32*, height of eye 20 feet. 

13. Correct the following courses for local deviation, as given in page 73 : — 
N.W. by W., E. by N., S.S.E., S.W. J W. 

EXAMINATION PAPEE.— No. VH. 

FOR SECOND MATE. 

1, Multiply 483 by 28*7, by common logarithms. 

2, Divide 242880 by 704, by common logarithms. 
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4. 1865, July 26th, in longitude 12^ 19' W., the observed meridian altitude of the 
snn*8 L.L. was 15° 41% hearing NoriJi, index correction — 3' 10% height of eye 19 
feet : required the latitude, 

5. In latitude 25^ 20' S., the departure made good was 389 miles : required the 
difference of longitude by parallel sailing. 

6. Bequired the course and distance from the Start Point to St. Michael's. 
Latitude Start Point 50** 1 3' N. Longitude Start Point 3' 38' W. 
Latitude St, Michaers 37 48 K. Longitude St. MichaePs 25 10 W. 

ADDITIONAL FOE ONLY MATE, 

7. 1865, July 15th, find the times of high water at Bristol, a.m. and p.m. 

7a. 1864, July 25th, required a.m. and p.m. times of high water at Glasgow 
(Admiralty Tide TablesJ, 
76. 1865, July 6th, find a.m. and p.m. tides at A, long, i xo** E., change tide i^ 40™. 

8. 1 865, July 12th, at 5^ 9"^ P.M. apparent time at ship, latitude 29° 3' S., longitude 
21® 53' W., the sun*s magnetic amplitude was N.W. f W. : required the variation. 

9. 1865, July X7th, P.M. at ship, latitude 31** 32' S., observed altitude sun*s l.l. 
13* 23' 10% index correction + 5', eye 16 feet, time by chronometer i6<* 22^ 23™ 49", 
which was 29°^ iTfaat for mean noon at Greenwich, June 6th, and losing 5"*8 daily : 
required the longitude, 

ADDITIONAL FOR FIBST MATE. 

10. 1865, July 4th, mean time at ship, 8^ 39" 2" a.m. latitude 38** lo' S,, longitude 
78* 35' W., sun's bearing by compass N. 30° E., the observed altitude sun's l.l. 
12** x6' lo*", index correction — 2' 38', height of eye 14 feet: required the true 
azimuth and variation, 

11. 1865, July 3i8t, P.M, at ship, latitude account 45*^ ^ S,, longitude 83** 12' E., 
observed altitude sun's l.l. North of observer was 26^ 15' 10', index correction — 40% 
height of eye 19 feet, time by watch 30^ 18^ 50% which had been found to be 
5^ 36m 16* alow on apparent time at ship, the difference of longitude made to JTest 
was 14 miles after the error on apparent time was determined, 

ADDITIONAL FOB MASTEB OBDINABY, 

12. 1865, July 6th, the observed meridian altitude of the star a Scorpii (Antaretjf 
bearing North, was 70^^ 10' 30% height of eye 21 feet : required the latitude. 

13. Ck>rrect the following compass courses for deviation, as given in page 73 : — 
N. i E., N. i W. 

EXAMINATION PAPEE.— No. YHI. 

FOB SECOND MATE. 

1. Multiply 777 by 999, by common logarithms. 

2, Divide 1 1 1 1 1 1 by 234, by common logarithms, 
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4. 1865, August 12th, in longitude 92° 12' E., observed meridian altitude sun's l.l. 
bearing North was 42° 42' 10", index correction — 2' 50", height of eye 17 feet : re- 
quired the latitude. 

5. In latitude 56* 11' S,, the departure made good was 356 miles East: required 
the difference of longitude by parallel sailing. 

6. Required the course and distance fiom A to B, by Mercator*s sailing. 

Latitude of A 47 "* 50' S, Longitude of A 42° i6'E. 

Latitude of B 40 49 S. Longitude of B 46 25 E, 

ADDITIONAL FOR ONLY MATE. 

7. 1865, August 17th, required the times of high water at Liverpool Dock, a.m. 
and P.M. : and also at Dungeness. 

7<7. 1864, August 25th, find a.m. and p.m. tides at Cardiff and Lundy Island, 
7*. August 2ist, find a.m. and p.m. tides, long 70® E., change tide 2^^ 7™. 

8. 1865, August ist, at 6'^ 57™ p.m. apparent time at ship, latitude 37' 3' N., 
longitude 105° 49' E., sun's magnetic amplitude N.W. by W. -J W. : required the 
variation. 

9. 1865, August 7th, P.M. at ship, latitude 6° 4' N., observed altitude sim's l.l. 
24° 5'> index correction -J- i' 30'', height of eye 12 feet, time by chronometer 
6<* 20*» 10™ 36', which was 20™ lo^ slmv for Greenwich mean noon, July 21st, and 
ktififf 6*-6 daily : required the longitude. 

DD 
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ADDITIONAL FOR FIRST MATE. 

10. 1865, August 20th, mean time at ship 2^ 35" 25» p.m., latitude 52* 2' S., 
longitude %^° 26' £., sun's bearing by compass N. | W., the observed altitude of 
Bun*sL.L. 17* 26', index correction -|- i' 45", height of eye 21 feet: required the 
variation. 

1 1. 1865, August I ith, A.M. at ship, latitude account 39' 3' S., longitude 157* 25' E., 
observed altitude sun*s l.l. North of observer was 34° 37', height of eye 12 feet, 
time by watch ic* 19^ 41" 25% which had been found to be 3^ 41™ 8" slow on appa- 
rent time at ship, the difference of longitude made to the East was 33', after the error 
on apparent time was def ermined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1 865, August 20th, the observed meridian altitude of the star a Aquilse fAltairJ 
bearing North, was 66* 51' xo*, index correction -|- 58", height of eye 13 feet : re- 
quired the latitude. 

13. Correct the following compass courses for deviation, as given in page 73 : — 
W. J S., N.W. J N. 

EXAMINATION PAPEE.— No. IX. 

FOR SECOND MATE. 
X. Multiply 1368 by 84, by common logarithms. 
2. Divide 138876 by 426, by common logarithms. 
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4. 1 865, September 22nd, in longitude 123® 45' W., the observed meridian altitude 
of sun's L.L., bearing North, was 89*" 49 50^^, index correction -|-52% height of eye 26 
feet: required the latitude. 

5. In latitude 20° 15' S., the departure made good was 352 miles West : required 
the difference of longitude by parallel sailing. 

6. Bequired the course and distance from A to B, by Mercator*s sailing. 

Latitude of A 25* 39 N. Longitude of A 48° 19' W. 

Latitude of B 34 28 S. Longitude of B 18 28 E. 

ADDITIONAL FOB ONLY MATE. 

7. 1865, September 14th, find the times of high water at Swansea, Gorki Donegal 
Bar, Dungarvon, and Fowey, a.m. and p.m. 

Ta, 1864, September 14th, find a.m. and p.m. tides at Aldemey and Cherbourg. 
7^. 1865, September 14th, longitude 89"* W, : find A.M. and p.m. tides at A, change 
tide 4^ 50™ apparent time (Method III). 

8. 1865, September i9thy at 6^ 3^ a.m. apparent time at ship, latitude 35° 36' S., 
longitude 36^ 38' W.j sun's magnetic amplitude East : required the variation. 

9. 1865, September ist. p.m. at ship, latitude 9^^ 9' N., observed altitude sun's l.l. 
62° 13' 14', index correction + 15*, height of eye 16 feet, time by chronometer, August 
31* 15^ i6« 28% which was 20" 12' slow for Greenwich mean noon, July 28th, and 
gaining 2*'6 daily. 

ADDITIONAL FOB FIBST MATE, 

10. 1865, September i6th, mean time at ship 8*» 3™ i8« a.m., latitude 4* 22' N., 
longitude 81° 39' W., sun's bearing by compass N. 81* 20' E., the observed altitude 
sun's L.L. 29° 30' 30*, index correction + i' 22", height of eye 20 feet : required the 
true azimuth and variation. 

11. 1865, September 23rd, a.m. at ship, latitude account 27** 32' S., longitude 
i68*5i'E., observed altitude sun's l,l,. North of observer, was 61" 59' 40", index 
correction — i' 50", eye 18 feet, time by watch 22<* 23^ 10™ io», which had been 
found to be 31™ 31" slow on apparent time at ship, difference of longitude since made 
to £a9t was 20*4 miles, 

ADDITIONAL FOB MASTEB OBDINABY. 

12. 1865, September 7th, the observed meridian altitude of the star Arcturus was 
86* 35' 50*, bearing North, index correction — i' 10", eye 12 feet. 

13. Correct the following compass courses for deviation, as given at page 73 : — 
N. i E. and E. by S. J S. 

EXAMINATION PAPEE.— No. X. 

FOB SECOND MATE. 

I. 



Multiply 33*9 by 56'7, by common logarithms. 
2. Divide 8491*92 by 98-4, by common logarithms. 
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4. 1865, October 2otb, in longitude 150^ 25' W., the observed meridian altitude 
of sun's L.L., bearing North, was 49° 58' 50", index correction + i' 10'', eye 19 feet : 
required the latitude, 

5. In latitude 22° 22' N , the departure made good was 222*2 miles East : required 
the difference of longitude. 

6. Required the course and distance from A to B, by Mercator's sailing. 

Latitude of A 9° 36' S. Longitude of A 2° 10* W. 

Latitude of B 7 16 S. Longitude of B i 24 E, 

ADDITIONAL FOR ONLY MATE. 

7. 1865, October 13th, find the times of high water at Falmouth, Eyemouth, 
Dunkerque, and Orfordness, a.m. and p.m. 

7a. 1864, October nth, find a.m. and p.m. times of high water at Calcutta, longi- 
tude 88« E. (Method II.) 

7^. 1865, October 30th, find a.m. and p.m. times of liigh water at A, longitude 
92° E., change tide 4^ 10™ (Method III). 

8. 1865, October 9th, at 5^' 51'" a.m. apparent time at ship, latitude 18'' 45' S, 
longitude 99° 18' E., sun's magnetic amplitude E. J S. : rcciuired the variation. 

9: 1 865, October 30th, a.m. at ship, latitude 1 2° 53' S., observed altitude of sun's l.l. 
28** 45' 50", index correction -f- 30*, eye 20 feet, time by chronometer 30^ 4^ 6™ 8% 
which was 10™ ii^faU for Greenwich mean noon, July 17th, and gaining 5»7 daily. 
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ADDITIONAL FOR FIRST MATE. 

10. 1865, October ist, mean time at ship 4^ 54™ p.m., latitude 17° 8' S., longitude 
152° 33' E., sun's bearing by compass W. J S., observed altitude of sun's l.l. 13" 59, 
index correction — 22*, eye 17 feet : required the variation. 

11. 1865, October 2nd, a.m. at ship, latitude by account 38" 12' N,, longitude 
23** 34' W., observed altitude of sun's l.l., South of observer, 47° 30', index correction 
— i' 38", eye 17 feet, time by watch 2'^ ii> 50™, which had been found to be 2*' 10™ 
fast on apparent time at ship, difference of longitude made to £(ist was 43 miles. 

ADDITIONAL FOR MASTER ORDINARY. 

1 2. 1 865, October 7th, the observed meridian altitude of the star a Pcgasi (MarkabJ 
was 54° 10' 15", bearing South, height of eye 1 3 feet : required the latitude. 

13. Correct the following courses for local deviation, as given at page 73 : — 
N.W, } W., N. by E. J E., N. £ W„ and N.E. -J E. 

EXAMINATION PAPEE.— No. XI. 



FOR SECOND MATE. 

1. Multiply 987*6 by 67, by common logarithms. 

2. Divide 8888*88 by 999*9, by common logarithms. 
3 — 



H. 


C0UR8F.a, 


K 


I 


Wjnds. 




Remarks, &c. 


I 




4 


10 

2 




yA ^ 

^i 




N. by E. 


E, by N. 


A point, in lat. 52° N., 


2 




3 


8 






long. 120° E., bearing by 


'3 




4 


5 






compass N. by E. \ E., dis- 


4 




4 


5 






tance 16 miles. 


5 
6 


N.E. } E. 


4 
5 
5 


5 


N. by W. 


3^ 




7 




I 








8 




4 8 






• 


9 


W. JN. 


5 


7 


N. 


If 




10 




6 


2 








II 




6 


3 








12 




6 


4 






Variation 2\ pointy East. 


I 




6 


5 








2 


E.S.E. 


5 


9 


S. 


3 




3 




5 


8 








4 




5 


7 








5 


S.E. 1 S. 


4 


6 


N. by E. 







6 




4 


« 

^ 








7 


• 


4 


8 








8 




5 


I 








9 


vv.-is. 


6 




N.W. by N. 


3J 


A current set by compass 


10 




6 


3 






E.N.E,,22'5 miles, from the 


II 




6 


3 






time the departure was taken 


12 




6 


3 






to the end of the day. 



2o6 OBDINABY SXAMIKATIOK. 

4. 1865, November i5tli, in longitude 80^ 11' E., the observed meridian altitude 
of sun*B L.L, bearing North was 67* 44', index correction -|- i' 38', eye 15 feet : re- 
quired the latitude. 

5. In latitude 40** 50' S., the departure made good was 149' East : required the 
difforence of longitude by parallel sailing. 

6. Bequired the course and distance from the ship's position to the lizard, by 
calculation on Mercator's principle. 

Latitude of position 17° 50' N. Longitude of position 76"* 42' W. 

Latitude of Lizard 49 58 N. Longitude of Lizard 5 12 W. 

ADDITIONAL FOR ONLY MATE, 

7. 1865, November 5 th, required the times of high water at Pentland Firth, 
Boulogne, and Dieppe, a.m. and p.m. 

7a. 1864, November 30th, find A.u. and p.m. times of high water at Bombay, 
longitude 73' E. (Method n.) 

'jb, 1865, November xst, find times high water a.m. and p.m, at A, longitude 
i5i*» E., change tide 8»» is'^ (Method III). 

8. 1 865, November loth, at 4'* 3™ 52* a.m. apparent time at ship, latitude 58* 1 3' S., 
longitude 55"* 47' E., the sun*s magnetic amplitude was S. by E. f E. : required the 
variation, 

9. 1865, November 30th, A.M. at ship, latitude 40^ 40' S., observed altitude 
sun's L.L. 39° 30', index correction 4" ^' ^4% ®7® ^^ ^'^^> ^^^ ^7 chronometer 
30^ 2^ 58™ 45», which was 10" 36» fast for Greenwich mean noon, October 25th, and 
losing i«'2 daOy : reqtured the longitude. 

ADDITIONAL FOB FIRST MATE, 
xo. 1865, November 15th, mean time at ship 2^ 46"^ 43* p.m., latitude 45** 31' S., 
longitude ii9* $6' W., sun's bearing by compass S. 93^'* W., the observed altitude 
sun's L.L. 43* 45', index correction — 56*, eye 20 feet : re<juired the variation. 

11. 1865, November 13th, a.m. at ship, latitude account 50" 52' S., longitude 
48* 52' W., observed altitude of sun's l.l, was 56° o' N., index correction + 23*, eye 
19 feet, time by watch 13* 3^ 4^ 34", which had been found to be 3** 43" 24* fast on 
apparent time at ship, the difference of longitude made to West was 9^, after the error 
on apparent time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, November 7th, the observed meridian altitude of the star a Piscia 
Australis fFomaihautJ , "besjcmg North, was 59* 40', index correction + i' 12*, eye 
23 feet : required the latitude. 

13. Correct the following compass courses for deviation, as given in page 73 : — 
S.E. } E., S.W. } W., N.E. by E. J E, 

EXAMINATION PAPEE.— No. XH. 

FOR SECOND MATE. 

1. Multiply 53*7 by 6-98, by common logarithms. 

2. Divide 999*43 by 67 -832, by common logarithms. 
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4. 1865, December 31st, in longitude 123^ 45' W., the observed meridian altitude 
of son's L.L., bearing South, was 67* 8' 10*, index correction •\- 9% height of eye 13 
feet: required the latitude, 

5. In latitude 60** N., the departure made good was 1 1 1 miles East : required the 
difference of longitude by parallel sailing. 

6. Bequired the course and distance from Port San Francisco to Cape Palliser. 
Lat. Port San Francisco 37® 48' N, Long. Port San Francisco 122* 24' W. 
Lat. Cape Palliser 41 38 S. Long. Cape Palliser 175 21 E, 

ADDITIONAL FOE ONLY MATE. 

7. 1865, December 15th, find the times of high water at the Nore light, Qtoree, 
Brouwershaven, and Dunbar, a.m. and p.m. 

^a, 1 864, Dec, 31st, find a.m. and p.m. tides at Batavia, long. 107** S* (Method II). 
76. 1865, December i8th, find a.m. and p.m. tides at A, longitude 96° E., change 
tide 12^ 30°^ apparent time (Method III). 

8. 1865, December 28th, at 4^ 11 °* 13' a.m. apparent time at ship, lat. 46"* 47' S., 
long. 1790 54' W., sun's magnetic amplitude E, by S. f S. : required the variation. 

9. 1 865, December 24th, a.m. at ship, latitude 33** 33' S., observed altitude sun's l.l, 
40** 40' 40*, index correction + 2' 20', eye 19 feet, time by chronometer 9>^ 2™ 7* p.m., 
which was 6" 7»*8 sUno for Greenwich mean noon, October 31st, and losing 5«7 daily : 
required the longitude, 
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ADDITIONAL FOR FIRST MATE, 

10. 1865, December 27th, mean time at ship 8^ o™ lo" a.m., latitude 15° 12' N., 
longitude 130° W., sun's bearing by compass S.E, by E. | E., the observed altitude 
of sun's L.L. 20' 15', index correction 4- * S'y ©ye 16 feet : required the variation. 

11. 1865, December 4th, a.m. at ship, latitude acct, 51** 54' S., longitude 30° 10' W., 
observed altitude sun's l.l. 59° 59' N., index correction — 3' 12'', eye 20 feet, time by 
watch 4*^ 2** 12"^ 10% which had been found to be 2^ 42™ lo^ fast on apparent time at 
ship, the diflference of longitude made to JFest was 10 miles, after the error on 
apparent time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, December 21st, the observed meridian altitude of star a Canis Minoris 
(Trocyon), bearing North, 52° 51' 50*^, index correction — 49*, eye 21 feet : required 
the latitude. 

13. Correct the following compass courses for deviation, as given in page 73 ; 
N. 80° E„ S. 45* W., N. ii'' 15' W,, E, 20' N. 

EXAMINATION PAPEE.— No. XUI. 

FOR SECOND MATE. 

1. Multiply 86 by 67, by common logarithms. 

2. Divide 34594 by 426, by common logarithms. 

3 — 



H. 

I 
2 

3 
4 


Courses. 


K 


1 
I 
■ 
10 


Winds. 


1 . • 

Hi if 

2j 


Remarks, &c. 


S.W. i W. 

W. by S. § S. 


2 \ 6 

3 li 

4;3 

3 ; 2 


S.E. by E. \ E. 
S. by "W. 


A point, in lat. 36* 35' S., 
long, 110° 25' W., bearing 
by compass E. by N. \ N., 
distance 1 8 miles. 


5 
6 

7 


VV. by N. \ N. 


4 j4 

^ is 


S.W. 


2 




8 

9 

10 


S.W. 


3i3 

4 I 

5 X 


W,N.W. 


'f 




II 




4 


2 








12 
I 


N.W.JW. 


4 
3 


4 

2 


W.byS.JS. 


4 


Variation 1} point East. 


2 


« 


4 


I 








3 

4 

5 
6 

7 
8 

9 
10 

II 

12 




5 
3 
3 
4 
4 
3 
3 

5 

2 

3 


4 








W. by S. 

S. by E. \ E. 

S.W, 


2 

2 
I 
2 

4 

4 

2 

6 
5 


S,iW. 

S.W. JS. 

S. by E. 


2 

3i 


A current set by compass 
E. \ S., the last 8 hours, at 
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4. 1 865, August I ith, in longitude 92° 1 2' E., observed meridian altitude sun's l.l. 
42^ 42' 10', zenith South of sun, index correction — 2' 50^, height of eye 17 feet : 
required the latitude* 

5. In latitude 46°, departure 98 miles : find the dijSerence of longitude. 

6. Required the course and distance from A to B, by Mercator's sailing. 

Latitude of A 51** 30' N. Longitude of A 3' 30' 30' W. 

Latitude of B 20 o N. Longitude of B 35 4 56 W. 

ADDITIONAL FOR ONLY MATE. 

7. 1865, June 2ist, find a.m. and p.m. tides at Eddystone, Harwich, and Tay Bar. 
7a. 1864, July 12th, find time of high water at Point de Galle, longitude SoP E. 
^b. 1865, April 13th, find the time of high water at A, longitude 148** W., change 

tide 3^ apparent time. 

8. 1865, October 28th, at 8'' 30'" a.m. apparent time at ship, latitude 49" 40' N,, 
longitude 116° 12' W., sun*s bearing by compass E. 3° 20' N. : required the variation. 

9. 1865, April 1 8th, a.m. at ship, latitude 50° 48' N., observed altitude sun's l.l. 
38® 10' 50', index correction -J- 45", height of eye 16 feet, time by chronometer 9^27"* a« 
A.M. at Greenwich, which was i"* 58"'7 fast on Greenwich mean noon April ist, and 
gaining 11 "*2 daily: required the longitude. 

ADDITIONAL FOR FIRST MATE, 

10. 1865, March 9th, moan timo at ship 8^ 11™ 42' a.m., latitude 29® 58' S., 
longitude 57° 24' E., observed altitude of sun's l.l. 28" 23' 15% height of eye x6 feet, 
sun's azimuth E. 9° 40' S, : required the variation. 

11. 1865, July 28th, a.m. at ship, latitude accoimt 33° 54' N., longitude 39* W,, 
observed altitude of sun's l.l. 69° 10' S., index correction + 1' 27*, height of eye 23 
feet, time by watch ii*» 3" i5«, slow on apparent time 28™ 45% difference of longitude 
made to the East was 32 miles : required the latitude, 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, October 8th, the observed meridian altitude of a Gruis was 50P o' S., 
index correction — i' 12*, height of eye 17 feet : required the latitude. 

13. Correct the following courses for the local deviation, as given in page 73 :— 
N. by W., S.W. J W,, and E. by N. 

EXAMINATION PAPEE.—No. XIV. 

FOR SECOND MATE. 

1, Multiply 55 by 35, by common logarithms. 

2. Divide 1858 by 63, by common logarithms. 
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Variation 2 J points West. 



A current set by compass 
E. by N. J N., 14 miles from 
the time the departure was 
taken to the end of the day. 



4. 1865, February nth, longitude 32** 20' E., the observed meridian altitude of 
Bun*s L,L, was 30* 25' 10*, observer North of sun, index correction — 3' 15*, height of 
eye 12 feet: required the latitude. 

5. In latitude 51'* 10', the departure made good was 64'3 miles : required the 
difference of longitude by parallel sailing. 

6. Required the course and distance from A to B, by Mercator's sailing. 

Latitude of A 43** 24' 8. Longitude of A 65° 39' W. 

Latitude of B 26 38 N. Longitude of B 15 8 E, 

ADDITIONAL FOR ONLY KATE. 

7 . 1 865; July 2 ist, required a.m. and p.m. tides at Dunkerque, Ipswich, and Ostend. 
7^. 1864, April 6th, find times of high water at Cape Virgin, longitude 68° W. 
fb, 1865, September 21st, find times of high water at A, longitude 70** W., change 

tide 8^ 30™ apparent time. 

8. 1865, March 31st, at 6^ i™ 48* a.m. apparent time at ship, in latitude 6° 31' N., 
longitude 155** 10' E., the sun's magnetic amplitude was E, 3^ 51' S, : required the 
variation. 

9. 1865, May 27th, A.M. at ship, latitude 55° N., observed altitude of sun's l.l. 
43* 9' 5*> index correction — 14', height of eye 14 feet, time by chronometer 8^ 58™ 52* 
A.M., which was slow 15" 9* for mean noon at Greenwich, April 9th, and gaining $*'6 
daily: req^uired the longitude, 



OBDHTABY EXAMINATIOir. 



til 



ADDITIONAL FOR FIRST MATE. 

10, 1865, September loth, at 8^ 14" 26* a.u. mean time at ship, latitude 26° 40' S., 
longitude 71® 20' W., observed altitude of sun's l.l. 27* 26', sun's magnetic azimuth 
N. 56* 17' E., height of eye 20 feet : required the variation. 

11, 1865, November 8th, p.m. at ship, latitude by account 33° 9' N., longitude 
89** 42' E., observed altitude of sun's l.l. 40** o', South of observer, index correction 
— 6' 12", height of eye 19 feet, time by watch 7<* 20*> 20™ 20», siow on apparent time 
at ship 4^ 8" 12", the difference of longitude made to £ast was 32*3 miles : required 
the latitude by reduction to meridian, 

ADDITIONAL FOR MASTER ORDINARY. 

12, 1865, July 19th, the observed meridian altitude of a Pavonis 32° 50' 15% 
bearing South, index correction •\- 4' 48^, height of eye 23 feet : required the latitude. 

EXAMINATION PAPEE.— No. XV. 



FOR SECOND MATE. 

1. Multiply 39'8 by 81*6, by common logarithms, 

2, Divide 136*58 by 7*8, by common logarithms, 
3 — 



H. 


Courses. 


K 


I 


Winds. 


kt 


Remarks, &c. 


I 




7 


10 




^ If 
4 


9 


E. JN. 


N. by E. i E. 


A point, in lat, 36* 20' S., 


2 




6 


6 






long. 56*^ 45' W., bearing 


3 




5 


2 




•i 


by compass S.W. J W ,, disr 


4 




4 


6 






tance 15 miles. 


5 


S.E. 


8 


2 


B.N.E. 


i 




6 




8 


3 








7 


N.E. by N, 


7 


4 


E. by S. 


i 




8 




7 


3 








9 




7 


3 






« 


10 


E. by N. 


4 




S. E. by S. 


2 




TI 




3 


8 








12 




8 


4 


S.W. 





Yariation i\ point East. 


I 


E.N.E. 


4 


6 


N. 


•J 




2 




4 


7 








3 




4 


5 








4 


N. by W. 


6 


4 


N.E. by E. 


* 




5 




6 


3 








6 




5 


8 








7 


N.E. by E. 


5 




N. by W. 


I 




8 




4 


8 








9 




4 


5 






A current set by compass 


10 


W.N.W, 


7 


4 


N. 


i 


E. by N. A N., at the rate of 


II 




7 


4 






2' '4 an hour for the last 13 


12 




7 


4 






hours. 



212 OBDINABT EXAIOKATIOK. 

4. 1 865, Novembor 2 1 st, in longitude 7 o"* 20' E. , observed meridian altitude sun's l.l, 
was 80' 20' bearing North, index correction — 2' 50*^, height of eye 20 feet : re- 
quired the latitude. 

5. In latitude 35° 39', the departure made good 66 miles, 

6. Eequired the course and distance from A to B, by Mercator's sailing. 

Latitude of A 6° i' N. Longitude of A 60° 14' E. 

Latitude of B 6 10 S. Longitude of B 39 15 E. 

ADDITIONAL FOR ONLY MATE. 

7. 1865, November ist, find a,m. and p.m. tides at Dunbar, Dundee, and 
Burntisland. 

7a. 1864, September i6th, find the times of high water at Victoria River, longi- 
tude 130** E. 

7 J. 1865, November ist, find the time of high water at A, change tide 1^ 40% 
longitude 1 10^ E. 

8. 1865, January i6th, at 7^ 22°^ p.m. apparent time at ship, latitude 43^ 4' S., 
longitude 10° 6' W., sun's magnetic amplitude W. 5° s^' S. 

9. 1865, June 5th, A.M. at ship, latitude 2** 5' S., observed altitude sun's L.L. 
28® 4', index correction + 4 25", eye 15 feet, time by chronometer 4<* 12^ 34™ 22% 
which was 6™ 44.' fast for mean noon at Greenwich, March 6th, and losing 4*'o. 

ADDITIONAL FOR FIRST MATE. 

10. 1865, November loth, at 8^ 45"* 38" a.m., mean time at ship, latitude 50° 30' N,, 
longitude 86° 43' E., observed altitude son's l.l, 6° 7' 10% eye 15 feet, sun's magnetic 
azimuth S. 60° 30' E. 

11. 1 865, January 8th, a.m. at ship, latitude account 35° 10' S,, longitude 55" 1 2' "W. 
observed altitude of sun's l.l. 76* 44' N., index correction -}- i' 18*, eye 14 feet, 
time by watch 8^ '^^ 39™ 34"', which was 3^ 50™ 3* fast on apparent time at ship, the 
difiference of longitude made to Hast 21', 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, February ist, longitude 50° W,, observed meridian altitude of star 
a Ganis Majoris (Sirius) 37° 50^ 20" S., height of eye 19 feet, index correction -|- i' 4' : 
required the latitude. 

13. Correct the following compass courses for local deviation, as given in page 7 3 : 
S.E. f E, and S.W. i W. 

EXAMINATION PAPEE.—No. XVI. 

FOR SECOND MATE» 

1. Multiply 3740 by 750, by common logarithms. 
!• Divide 4752000 by 49, by conmion logarithms. 
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Variation 2 points East. 



A current set by compass 
S.S.W, J W., 19 miles, from 
the time the departure was 
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4, 1866, January ist, in longitude 167° 54' E., the observed meridian altitude of 
sun's L.L, 83" 40', zenith North of sun, index correction + 47", height of eye 23 feet : 
required the latitude. 

5, In latitude 60* 5' S., longitude 179° 17' W,, a ship sails due West 96 miles: 
find the longitude in. 

6, Hequired the course and distance from A to B, by Mercator*s sailing. 

Latitude of A 8*57'N. Longitude of A 79° 31'W, 

Latitude of B 36 50 S. LopgitudeofB 174 49 E. 

ADDITIONAL FOR ONLY MATE. 

7, 1865, March ist, find the times of high water at Cardigan Bar and Eyemouth. 
"J a, 1864, March ist, find the times of high water at Gibraltar (Method 11), 

7 5. 1865, March ist, required the times of high water at A, longitude 98° E., 
change tide 6^ 45" p.m. apparent time (Method III). 

8, 1 865, November 4th, at 4*^ 52" 42* a.m. apparent time at ship, latitude 46** 40' S., 
longitude 8° 57' W., sun's magnetic amplitude S.E. J E. : required tho variation. 

9, 1865, September ist, a.m, at ship, latitude 15° 31' S., observed altitude sun's l.l, 
15* 18' 20*, index correction — 20*, height of eye 26 feot, time by chronometer, August 
3id 20^ i2« 40% slow I™ 30* on April 15th, and gaining 8'''5 daily : required tho 
longitude. 
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ADDITIONAL FOR FIRST MATE. 

10. 1865, June ist, at i^ 19" a.m. mean time at ship, latitude ii** 10' N., longitude 
61** 30' E., observed altitude sun's l.l. 39* 10', index correction — 15*, height of eye 
18 feet, sun's magnetic azimuth E. f N. : required the true azimuth and variation. 

11. 1865, April 13th, A.M. at ship, latitude account 0°, longitude 147° 10' E., 
observed altitude of sun's l.l. 80° 30', North of observer, index correction + i' 10*, 
height of eye 16 feet, time by watch o** o™ i2», which had been found to be ii«* i" 
fast on apparent time at ship, difference of longitude made to Hast was 8| miles, after 
the error on apparent time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, May loth, the observed meridian altitude of a' Centauri was 10' 4' 15* 
(zenith North), index correction — 2' 10", height of eye 20 feet : required the latitude, 

EXAMINATION PAPEE.— No. XVn. 

FOR SECOND MATE. 



1. Multiply 190 by 47*5, by common logarithms. 

2. Divide 8100900 by 900, by common logarithms. 
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Do. 

I mile 
s^hour 

1 1 knots 
^hour. 



6 
6 

7 
8 

9 



Winds. 



N.W.JW. 



N. W. J W. 



W.N.W. 

N.W. 
N.W. by N. 

E.N.E. 

E. 

N.E. 

N.E. 






i 
si 



6h 



«i 



6J 



Remabks, &c. 



A point, in lat. 34° 2 8' S., 
long. 18" 28' E., bearing 
by compass N.W,, dis- 
tance 23 miles. 



Variation 2| points West. 



A current set by com- 
pass N.W,, 10 miles, from 
the time the departure 
was taken to the end of 
the day. 



OBDIKABY BXAlONATIOir. 21$ 

4 1 865, Septeml)er 231x1, longitude 57*' 45^ E., observed meridian altitude sun's l.l. 
84** 10' 50', bearing North, index correction — 1' zS", height of eye 16 feet : required 
the latitude. 

5. In latitude 52° S., longitude o^ 40' W., a ship sails 136 miles due East : re- 
quired the longitude in. 

6. Acquired the course and distance from A to B. 

Latitude of A 5° 2 1' N. Longitude of A 163* i' E. 

Latitude of B 36 50 S. Longitude of B 73 6 W, 

ADDITIONAL FOR ONLY MATE, 

7. 1865, December ist, find a.m. and p.m. tides at Aberdeen Bar ; Penzance and 
Bang's Boad, Bristol Channel. 

70. 1864, December 29th, find times of high water at Yarmouth Beads and 
Southampton (Method II). 

76. 1 865, December 31st, find time of high water at A, longitude 120'' W., change 
tide %^ 40™ P.M., apparent time, 

8. 1 865, November 5th, at 5^ 10™ p.m. apparent time at ship, in latitude 2 o* 45' N., 
longitude 1 16° 45' E., the sun's magnetic amplitude was S.W, J "W. : required the 
variation. 

9. 1865, August 5th, A.M. at ship, latitude at noon 30° 30' N., observed altitude 
sun's L.L. 35' 6', height of eye 16 feet, time by chronometer 8^ 39" 22* p.m., fast 
30" <>■ on Greenwich mean noon, July 20th, and gaining 2«*3 daily, course till noon 
West (true) 48 miles : required the longitude in at noon. 

ADDITIONAL FOR FIRST MATE. 

10. 1865, August 13th, mean time at ship, 9^ 5'» 20" a.m., latitude 30^46' S., 
longitude 78® 50' W., sun's bearing by compass N. 35° E., observed altitude sun's l.l. 
27* 12', index correction + i' 45*, height of eye 21 feet : required the true azimuth 
and variation. 

11. 1865, June 12th, P.M. at ship, latitude account 15" 50' S., longitude 72° 12' E., 
observed altitude of sun's l.l, 50° 10' 10", zenith South of observer, index correction 
— 5' 40*, height of eye 26 feet, time by watch i2«^ o^» 28" 40", which had been found 
to be alow 4"^ 44" on apparent time at ship, the difference of longitude made to West 
was 16^ miles, after the error on apparent time was determined. 

ADDITIONAL FOR MASTER ORDINARY. 

12. 1865, December 7th, the observed meridian altitude of the star a Arietis was 
60' 29' 50*, zenith North of star, index correction — 2' 10*, height of eye 18 feet ; 
required the latitude, 
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THE ADJUSTMENTS OF THE SEXTANT. 



itt. The index-glass, or central mirror, must he perpendicular to the 
plane of the instrument. 

Place the index to about 60° — ^viz., to near the middle of the arc or 
liml. Hold the sextant with its face up, the index-glass being placed 
near the eye, and the limb turned from the observer. Look obliquely 
down the glass ; then, if the part of the arc to the right, and its image 
in the mirror, appear as one continued a/re of a circle, the adjustment is 
perfect ; if the reflection seems to droop from the arc itself, the glass 
leans haclc ; if it rises upward^ the glass leans forward. The position is 
rectified by the screws at the back. 

^nd, The horizon-glass, or fixed mirror, must he perpendicular to the 
plane of the instrument. 

Set con the index to o on the arc ; hold the instrument horizontally 
— ^viz., with its face up ; look through the sight-vane, or through the 
socket which receives the telescope, and direct the sight to the horizon- 
glass ; give the instrument a small nodding motion ; then, if the horizon, 
as seen through the transparent part of the horizon-glass, and its image, 
as seen in the silvered part, appear to be in a continued straight line, the 
adjustment is perfect; if the image be the lower, the glass stoops /or- 
ward; if it be the higher, the glass leans lachward; and the upper 
adjusting screw, at the back of the horizon-glass, is to be carefully 
turned till the coincidence of the reflected and real horizons is quite 
perfect. 

^rd. The horizon-glass must he parallel to the index-glass. Set o on the 
index to o on the arc ; screw the tube or telescope into its socket, and 
turn the screw at the back of the instrument till the line which separates 
the transparent and silvered parts of the horizon-glass appears in the 
middle of the tube or telescope. Hold the sextant vertically — ^that is 
with its arc or limb downwards — and direct the sight through the tube 
or telescope to the horizon ; then, if the reflected and true horizons do 
not coincide, turn the tangent screw at the back of the horizon-glass 
till they are made to appear in the same straight line. Then will the 
horizon-glass be truly parallel to the index-glass. 

4^A. The axis of the telescope must he parallel to the plane of the instrU' 
ment. 

Turn the eye-piece of the telescope till two of the parallel wires in its 
focus appear parallel to the plane of the instrument ; then select two 
objects, as the sun and moon, whose angular distance must not be less 
than from ioo° to 1 20°, because an error is more easily discovered wheii 
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the distance is great ; bring the reflected image of the sun exactly in 
contact with the direct image of the moon, at the wire nearest the plane 
of the sextant, and fix the index ; then, by altering a little the position 
of the instrument, malie i2ie object appear on the other wire ; if the 
contact still remains perfect, no adjustment is required ; if they separate, 
slacken the screw furthest from the instrument in the ring which holds 
the telescope, and tighten the other, and vice versd if they overlap. 

^th. To find the index error. '''^ — Move the index till the horizon, or any 
distant object, coincide with its image, and the distance of o on the 
index from o on the limb is the index error ; sutractive when o on 
the index is to the left, and additive when it is to the right of o on the 
limb. 

Example. — ^The horizon and its image being made to coincide, the reading is 2' on 
the arc. Then 2' is the index correction to be aitbtracted firom every angle observed. 

Or measure the sun's horizontal diameter, moving the index forward 
on the divisions until the images of the true and reflected sun's touch 
at the edges ; read o£P the measure which will be on the arc ; then cause 
the images to change sides, by moving the index back ; take the measure 
again, and read o£P; this reading will be q^the arc ; half the difference 
of the two readings is the index correction. 

"When the reading on the arc is the greater, the correction is sultr active: 
when the lesaery additive. 



Ex, I. On the arc — 33' 10' 

Off + 30 50 

2)2 20 
Index cobb. sub, 1 10 



Ex. 2. On the arc — 30' 20* 

Off + 33 30 

2)3 10 
Index cobb. add 1 35 



One-fourth of the sum of the two readings should be equal to the 

sun's semi-diameter in the Nautical Almanac for the day. 

Thii£i, suppose the observations in example i to be made on September 26th, 1865, 
here one-fourth of the sum of the two readings is 16' 0% agreeing with the semi- 
diameter as given in the Nautical Almanac for the given day. 

This affords a test of the accuracy with which the observation has 
been made. 

Note. — If both readings are on the arc, or both o^the arc, half their sum is the 
index correction — subtractive when both on, additive when both o^the arc. 



* The index error of reflecting astronomical instruments, such as the sextant, is 
the difference between the zero (o) point of the graduated limb, and where the zero 
(o) point ought to be, as shown by the index, when the index-glass is parallel to the 
horizon-glass. 
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LOG LINE. 



The length of the stray-line should be sufficient to allow the log-chip 
to be clear of the eddies of the vessel's wake. 

The distance between the knots should bear the same proportion to 
the number of seconds run by the glass intended to be used, as the 
number of feet in a nautical mile bears to the number of seconds in an 
hour. 

The number of feet in a nautical mile is 6080. 

The number of seconds in an hour is 3600. 

Therefore, to find the length of a knot corresponding to a 28 seconds 

glass, we proceed as follows : — 

3600 : 6080 : : 28 
28 



48640 
12160 

— ft. in. 
360,0)17024,0(47 3j 
1440 

2624 
2520 

104 
12 

360)1248(3^ 
1080 



We have for glasses running 30 seconds and 32 seconds the following 
proportions :— 

3600 : 6080 : : 30 : 50 feet 8 inclies. 
3600 : 6080 : : 32 : 54 feet o^ inch. 



MAEKING THE LEAD LINE. 



In nautical phrase the lead line has " nine marks and eleven deeps." 

At two fathoms, the mark is leather ; at three fathoms, leather ; at 
five, white rag ; at seven, red rag ; at ten, a piece of leather with a hole 
in it ; at thirteen, blue rag ; fifteen, white rag ; seventeen the same as 
at seven ; at twenty fathoms, a piece of cord with two knots. 

Deep-sea lead lines ore marked the same as far as twenty fathoms ; 
then add a piece of cord with an additional knot for every ten fathoms, 
and a strip of leather for every five fathoms, 
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LIGHTS Am) FOG SIGNALS. 



The following is the Admiralty notice respecting lights and fog signals 
to be carried and used by sea-going vessels, to prevent collision. — 
Merchant Shtppinff Act Amendment Act, June isty 1863. 

Steam Vessels. — All sea-going steam-vessels, when under steami 
shall, between sunset and simrise, exhibit the following lights : — 

A bright JFhite Light at the foremast head. 

A Chreen Light on the starboard side. 

A Red Light on the port side. 

1 . The Mast-head Light shall be so constructed as to be visible on a 
dark night, with a clear atmosphere, at a distance of at least 5 miles, 
and shall show an uniform and imbroken light over an arc of the horizon 
of 20 points of the compass ; and it shall be so fixed as to throw the 
light 10 points on each side of the ship — ^viz., from, right ahead to 2 points 
abaft the beam on either side. 

2. The Green Light on the starboard side, and the Red Light on the 
port side, shall be so constructed as to be visible on a dark night, with 
a clear atmosphere, at a distance of at least 2 miles, and show an uniform 
and unbroken light over an arc of the horizon of 10 points of the com- 
pass ; and they shall be so fixed as to throw the light from right ahead 
to 2 points abaft the beam on the starboard and on the port sides re- 
spectively. 

3. The side lights are to be fitted with inboard screens projecting at 
least 3 feet forward from the light, so as to prevent the lights from being 
seen across the bow. 

4. Steam-vessels imder sail only, are not to carry their Mast-head 
Light, 

Steam Ships when towing other ships, shall carry Tivo Bright White 
Mast-head Lights vertically, in addition to their side lights, so as to dis- 
tinguish them from other steam ships. Each of these mast-head lights 
shall be of the same construction and character as the mast-head lights 
which other steam ships are required to carry. 

Sailing Ships under way, or being towed, shall carry the same lights 
as steam ships under way, with the exception of the TFhite Mast-head 
Lights, which they shall never carry. 

Whenever, as in the case of small vessels during bad weather, the 
Green and Red Lights cannot be fixed, these lights shall be kept on deck, 
on their respective sides of the vessel, ready for instant exhibition ; and 
shall, on the approach of or to other vessels, be exhibited on their re- 
spective sides in sufficient time to prevent collision, in such maimer as 
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to make them most visible, and so that the Green Light shall not be seen 
on the port side, nor the Red Light on the starboard side. To make the 
use of these portable lights more certain and easy, the lanterns containing 
them shall each be painted outside "with the colour of the light they 
respectively contain, and shall be provided with suitable screens. 

Ships at Anchor. — Ships, whether steam ships or sailing ships, when 
at anchor in roadsteads or fairways, shall exhibit, where it can best be 
seen, but at a height not exceeding 20 feet above the hull, a White Lights 
in a globular lantern of 8 inches in diameter, and so constructed as to 
show a clear, imiform, and unbroken light visible all round the horizon, 
and at a distance of at least i mile. 

Satlxng Pilot Vessels shall not carry the lights required for other 
Bailing vessels, but shall carry a JFhite Light at the mast-head, visible 
all round the horizon, — and shall also exhibit a Flare-wp Light every 
15 minutes. 

Open Fishing Boats and other open boats shall not be required to 
carry the side lights required for other vessels ; but shall, if they do not 
carry such lights, carry a lantern having a Qre&n, Slide on the one side 
and a Red Slide on the other side ; and on the approach of or to other 
vessels, such lantern shall be exhibited in sufficient time to prevent col- 
lision, so that the Oreen Light shall jiot be seen on the port side, nor the 
Bed Light on the starboard side. 

Fishing vessels and open boats when at anchor, or attached to their 
nets and stationary, shall exhibit a bright White Light; they shall, 
however, not be prevented from using a Flare-up in addition, if con- 
sidered expedient. 

Fog Signals, — ^Whenever there is a fog, whether by day or night, the 
fog signals described below shall be carried and used, and shall be 
sounded at least every 5 minutes, viz. : — 

{a,) Steam ships under way shall use a Steam Whistle placed before 
the funnel, not less than 8 feet from the deck. 

(5.) Sailing ships under way shall use a Fog Horn. 

{c.) Steam ships and sailing ships when not under way shall use a BeU. 



EULE OF THE EGAD. 



Two Sailing Ships meeting. — 11 two sailing ships are meeting end on or 
nearly end on so as to involve risk of collision, the helms of both shall 
be put to Port, so that each may pass on the Port Side of the other. 
Two Sailing Ships crossing. — When two sailing ships axe crossing so 
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as to involve risk of collision, then, if they have the "wind on different 
sides, the ship with the wind on the Port Side shall keep out of the way 
of the ship with the wind on the Starboard Side ; except in the case in 
which the ship with the wind on the Port Side is close-hauled and the 
other ship free, in which case the latter ship shall keep out of the way ; 
but if they have the wind on the same side, or if one of them has the 
wind ait, the ship which is to windward shall keep out of the way of the 
ship which is to leeward. 

2\co Ships under Steam meeting, — If two ships under steam are meeting 
end on or nearly end on so as to involve risk of collision, the helms of 
both shall be put to Port, so that each may pass on the Port Side of the 
other. 

Two Ships under Steam crossing, — ^If two ships under steam are crossing 
so as to involve risk of collision, the ship which has the other on her 
own Starboard Side shall keep out of the way of the other. 

Sailing Ship and Ship under Steam. — If two ships, one of which is a 
sailing ship, and the other a steam ship, are proceeding in such directions 
as to involve risk of collision, the steam ship shall keep out of the way 
of the sailing ship. 

Ships under Steam to slachen Speed. — ^Every steam ship, when ap- 
proaching another ship so as to involve risk of collision, shall slacken 
her speed, or, if necessary, stop and reverse; and every steam ship shall, 
when in a Fog, go at a moderate speed. 

Vessels overtaking other Vessels. — ^Every vessel overtaking any other 
vessel shall keep out of the way of the said last-mentioned vessel. 

Where by the above rules one of two ships is to keep out of the way, 
the other shall keep her course, subject to the qualifications contained 
in the following article. 

Proviso to save special cases. — ^In obeying and construing these rules, 
due regard must be had to all dangers of navigation ; and due regard 
must also be had to any special circumstances which may exist in any 
particular case rendering a departure from the above rules necessary in 
6rder to avoid immediate danger. 

No Ship under any circumstances to neglect proper precautions. — ^Nothing 
in these rules shall exonerate any Ship, or the Owner, or Master, or 
Crew thereof from the consequences of any neglect to carry Lights or 
Signals, or of any neglect to keep a proper look-out, or of the neglect 
of any precaution which may be required by the ordinary practice of 
seamen, or by the special circumstances of the case. 



The diagrams and explanation on the next page (222) will assist the 
seaman in the practical application of the regulations. 
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DIAGRAMS TO ILLTTSTRATE THE USE OP THE 
LIGHTS CARRIED BY VESSELS AT SEA, 

AND THE MANNER IN WHICH THEY INDICATE 
TO THE VESSEL WHICH BEES THEM THE POSITION AND DESCBTPTION OF 

THE VESSEL THAT CABBIES THEM. 



WHEN BOTH BED AND GREEN LIGHTS AEE SEEN. 

A sees a Bed and Green Light ahead : — ^A knows that a vessel is 
approaching her on a course directly opposite to her own, as B ; (Fig. 1 ). 

If A sees a White Mast-head Light above the other two, she 
knows that B is a steam vessel. 



WHEN THE BED,. AND NOT THE GBEEN LIGHT IS SEEN. 

A sees a Bed Light ahead or on the bow : — ^A knows that either 
(Fig. 2) a vessel is approaching her on her Port bow, as B ; or (Fig.3), 
a vessel is crossing in some direction to Port, as D D D. 

If A sees a White Mast-head Light above the Bed Light, A 
knows that the vessel is a steam- vessel, and is either approaching her 
in the same direction, as B, or is crossing to Port in some direction, as 
DDD. 



WHEN THE GBEEN, AND NOT THE BED LIGHT IS SEEN. 

A sees a Green Light ahead or on the bow : — ^A knows that either 
(Fig. 4) a vessel is approaching her on her Starboard bow, as B ; or 
(Fig. 5), a vessel is crossing in some direction to Starboard, as DDD. 

K A sees a White Mast-head Light above the Green Light, A 
knows that the vessel is a steam-vessel, and is either approaching her 
in the same direction, as B, or is crossing to Starboard in some direc- 
tion, as DDD. 
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ON THE CHAET. 



A Chaet is a map or plan of a sea or coast. It is constructed for 
the purpose of ascertaining the position of the ship with reference to 
the land, and of shaping a course to any place. 

The use to be made of the chart in each case detennines the method of projection, 
and the particulars to be inserted, (i.) The chart may be required for coasting 
purposes, for the use of the pilot, &c., and then only a very smiill portion of the sur- 
fiuje of the globe being represented at once, no practical error results firom considering 
that surface a plane, and a ** plane chart " is constructed in -which the different head- 
lands, lighthouses, &c., are laid down according to their bearings. The soundings on 
these charts are marked with great accuracy ; the rocks, banks, and shoals, the chan- 
nels, with their buoys, the local currents, and circumstances connected with the tides, 
are also noted. (2 } Again, for long sea passages the seaman requires a chart on 
which his course may be conveniently laid down. The track of a ship always steering 
the same course appears as a straight line (and can at once be drawn with a ruler) on 
the Mereatot^s chart. Hence the charts used in navigation are Mercator*s charts. 
(3.) When great circle sailing is practicable, and of advantage, a chart on the 
** central projection " or gnomic, exhibits the track as a straight line, and is therefore 
convenient.* 



ON MEECATOE'S CHAETS. 



(See None, pages 126 — 131 ; or Saper^a " Practice of Navigation^* pages 120—127, on 

this subject J 

A Chabt used at sea for marking down a ship's track and for other 
purposes, exhibits the surface of the globe on a plane on which the 
meridians are drawn parallel to each other, and therefore the parts, 
BH, CI, DK, &c. (Fig., p. 44), arcs of parallels of latitude, are increased 
and become equal to ihe corresponding parts of the equator UV, VW, 
&c. Now, in order that every point of this plane may occupy the same 

♦ The method lately introduced by Hugh Oodfray, Esq., M.A., St, John's College, 
Cambridge, deserves special mention, as its beauty and simplicity will ultimately lead 
to its general adoption. A chart on the central projection, as stated above, exhibits 
the great circle as a straight line, and thus it is seen at once, whether the track be- 
tween two places is a practicable one ; hence, also, we have by inspection the point 
of highest latitude. An accompanying diagram tiien gives the different courses and 
distances to be run on each, in order to keep with |^ of a point to the great circle. 
This chart and diagram is fully described in the Tramaetions of the Cambridge 
Philosophical Society , vol. X, part II; and is published by J. D. Potter, Poultry. 
Mr. W. C.*Bergen, of Blyth, Master in the Mercantile Marine, has also published 
Charts on the Gnomic Projection, and claims to share with Mr. Gbdfray the credit of 
proposing the use of this projection for charts in navigation. 
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relative position with respect to each other that the points corresponding 
to them do on the surface of the globe, the distance between any points 
A and 0, and A and F must be increased in the same proportion as the 
distance FO has been increased. The true difference of latitude, AO, 
is thus projected on the chart into what is called the meridional difference 
of latitude (see pp. 46 — 47), and the departure BH + CI + DK, &c., 
into the difference of longitude, and the representation is called a Merca- 
tor's projection. It is evidently a true representation as to form of every 
particular small tract, but varies greatly as to point of scale in its diffe- 
rent regions, each portion being more and more enlarged as it lies 
farther from the equator, and thus giving an appearance of distortion.* 

(i.) In charts generally, the upper part as the spectator holds it, is 
the North, and that towards his right hand, the East, as on the compass 
card. 

(2.) On Mercator's chart the parallel lines from North to South 
(from top to bottom) are termed meridians, and they are all perpendicular 
to the equator, the meridians on the extreme riffht and left are the 
graduated meridians — so called from showing the divisions for degrees 
and minutes. The latitude is measured on the graduated meridians, 
and also the distance. 

♦ It is plain firom the principles of Mercator's projection, and from the diagram 
(page 89) which connects the enlarged meridian witii the difference of longitude, that 
if a ship set out horn, any i)oint on the globe, and sail on the same oblique rhimib 
towards the pole, it can reach it only after an infinite number of revolutions round 
it. For from any point to the pole, the projected meridian is infinite in length, and 
BO, therefore, is the difference of longitude due to this advance in latitude upon an 
oblique course. Consequently, this latitude can be reached only after the ship has 
circulated round the pole an infinite number of times. 

These endless revolutions, however, are all performed in a finite time, the entire 
track of the ship being of limited extent. This, however, paradoxical it may appear, 
is necessarily true from the principles of plane sailing, which shows that any finite 
advance in latitude is always connected with a finite length of track ; this length being 

diff. lat. 

COS. course. 

The apparent paradox of the infinite number of revolutions about the pole being 
performed in a finite time, becomes explicable when we consider that, whatever bo 
the progressive rate of the ship along its undeviating course, the times of performing 
the successive revolutions continually diminish as the ship approaches the pole, both 
the extent of circuit and the time of tracing it tending to zero, the limit actually at- 
tained at the pole itself; hence there must ultimately be an infinite number of such 
circuits to occupy a finite time. 

When the pole is reached the direction all along preserved may still be continued ; 
and a descending path will be described similar to that just considered, and which 
will conduct the ship to the opposite polo, after an infinite number of revolutions 
round it, as in the former case. In receding from this pole the track described will 
at length unite with that at first traced, the point of junction being that from which 
the ship originally departed. But for the strict mathematical proof of those latter 
circumstances the student may consult Professor Davies' curious and instructive papers 
on spherical co-ordinates in the Edinburgh Ti'ansactions, vol. XII. 
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(3.) The parallel lines from West to East (from left to right) are 
called parallels^ and they are all parallel to the equator, the parallels at 
the top and bottom are graduated to degrees and minutes — and longitude 
is measured on the graduated parallel. 

(4.) The numerals in harbours, bays, channels, &c., indicate stmndingB 
reduced to low water spring tides, 

(5.) When the true course between two places is known, it must be re- 
membered that Westerly variation is allowed to the right, and Easterly 
to the LEFT hand of the true course, in order to obtain the compass 

COXJBSE. 

(6.) With respect to the method of determining the ship's position by 
cross bearings, it may be observed that this is the most complete of all 
methods when the difference of bearings is near 90° ; but if the difference 
is small — as, for example, loss than 10° or 20°, or near 180° — the ship's 
position will be imcertain, because a small error in the bearing will 
cause a great error in the distance. — (Raper, page 120, No. 367.) 



EXEECISES ON THE CHAET. 

FOB ONLY AND FIEST MATES. 

North Sea. 



(r.) Latitude 55** 5'N. 
Longitude o 5 E. 

Bequired the course and distance to 
Hartlepool. 

(3.) Latitude 57' 30' N. 
Longitude o 40 E. 

Bequired the course and distance to 
Tynemouth Light. 

(5.) Latitude sfZS"^* 
Longitude o 55 E. 

Bequired the course and distance to 
the Dudgeon Light. 

(7.) Latitude 55*10' N. 
Longitude o 35 E. 

Bequired the course and distance to 
Flambro' Head. 

(9.) Latitude 60** 21' N. 
Longitude o 35 E. 

Bequired the course and distance to 
Udsire. 

GO 



(2.) Latitude 55* 30' N. 
Longitude 3 15 E. 

Bequired the course and distance to 
Brouwershaven. 

(4.) Latitude 57*25' N, 
Longitude 7 25 E. 

Bequired the course and distance to 
the Naze of Norway. 

(6.) Latitude 55*28' N. 
Longitude o 30 W. 

Bequired the course and distance to 
Tynemouth Light. 

(8.) Latitude 54* 30' N. 
Longitude 2 15 E. 

Bequired the course and distance to 
the Outer Dowsing Light. 

(10.) Latitude 58*50' N, 
Longitude 4 33 E. 

Bequired the course and distance to 
Sundevoieg. 
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English and Bridol ChannelSf and South Coast of Ireland. 

(2.) Latitude 49*55' N. 
Longitude o 45 W. 



(i.) Latitude 50° i' N. 
Longitude 2 4 W. 

Required the compass course and dis- 
tance to the Caskets. 

(3.) Latitude 49° 30' N. 
Longitude 3 30 "W. 

Bequired the compass course and dis- 
tance to the Start Point. 

(5.) Latitude 49*40' N. 
Longitude o 45 "W. 

Bequired the compass course and dis- 
tance to TJshant. 

(7.) Latitude 5o°3o'N. 
Longitude o 55 E. 

Required the compass course and dis- 
tance to Dungeness. 

(9,) Latitude 50^10'N. 
Longitude 3 10 W. 

Required the compass course and dis- 
tance to Portiand, 

(11.) Latitude 5 o* 5 o' N. 
Longitude 10 35 W. 

Required the Compass course and dis- 
tance to tiie Fastnet Hock. 

(13.) Latitude 50*50' N, 
Longitude 7 20 W. 

Bequired the compass course and dis- 
tance to Old Head of Kinsale. 

(15.) Latitude 5o''4o'N. 
Longitude 6 30 "W. 

Required the compass course and dis- 
tance to Lundy Island. 



Bequired the compass course and dis- 
tance to Fecamp. 

(4.) Latitude 48'»5o' N. 
Longitude 5 50 "W, 

Bequired the compass course and dis- 
tance to Ushant. 

(6.) Latitude 50° 10' N. 
Longitude i 10 W, 

Bequired the compass course and dis- 
tance to St, Catherine's Light, 

(8.) Latitude 48^55' N. 
Longitude 6 5 W. 

Bequired the compass course and dis- 
tance to the Lizard. 

(10.) Latitude 49*55' N. 
Longitude 3 55 W. 

Bequired the compass course and dis- 
tance to the Eddystone. 

(12.) Latitude 5o''55'N. 
Longitude 6 55 W. 

Bequired the compass course and dis- 
tance to Trevose Head, 

(14.) Latitude 50'30'N. 
Longitude 8 30 "W. 

Bequired the compass course and dis- 
tance to Cape Clear, 

(16.) Latitude 51*28' N. 
Longitude 6 30 W. 

Bequired the compass course and dis- 
tance to the Smalls Bock. 



OBDINABY MASTEB. 
North Sea. 

(i.) Sunderland Light, bearing by compass S.W. J S, 

Coquet Island, „ „ N.W. 

- Bequired the latitude and longitude of ship ; also the course and distance to Har- 
tlepool Light. 

(a.) Buchanness Light, N. by "W. J W,, by compass 

Girdleness Light, West, „ 

Bequired the latitude and longitude of ship; also the course (by compass) and 
distance to the Staples. 

(3.) The Skerries, North, by compass, 

Sumburgh Head, W. J S., „ 

Bequired the latitude and lon^tude in ; also the compass course ftnd distance to 
Pe^erheadi 



On meboatok^s charts. ttj 

(4.) The Dudgeon Light, W. by N., by compass. 

Hasbro' Sand-end Light, S.S.W., „ 

Kequired the latitude and longitude of ship ; also the compass course and distance 
to Flsonbro' Head. 

JEtigluh and Bristol ChanneUy and South Coast of Ireland. 

(i.) Longships Light, bearing by compass E.N,E. 

St. Agnes' Light, „ „ N,N.W. \ W. 

Required the latitude and longitude in ; also the compass course and distance to 
the Lizard. 

(2.) Cape Barfleur, bearing by compass N.W, 

St. Marcouf, „ „ S.W. 

Required the latitude and longitude of ship ; also the compass course and distance 
to Cape de la Heve. 

(3.) Bembridge Light Vessel, bearing by compass N. J "W. 
Owers Light Vessel, „ „ East. 

Required the latitude and longitude of ship ; also the compass course and distance 
to St. Catherine's Point. 

(4.) Needles Light, bearing by compass N. 1 E. 

St. Catherine's Light, „ „ E. J 8. 

Required the latitude and longitude of ship ; also the compass course and distance 
to St. Alban's Head. 

(5.) Caldy Island Light, bearing by compass E.N.E. 

Lundy Island Light, „ „ S, by E, 

Required the latitude and longitude of ship ; also the compass course and distance 
to the Smalls. 

(6.) Lizard Lights, bearing by compass E, i S. 

Longships, „ „ N. J W. 

Required the latitude and longitude of ship ; also the compass course and distance 
to St. Agnes' Light. 

(7.) Mine Head Light, bearing by compass N.E. J N. 

Ballycotton Light, „ „ N.W. 

Required the latitude and longitude of ship ; also the compass course and distance 
to Old Head of Kinsale. 



TO FIND THE COURSE TO STEER IN ORDER 

TO MAKE GOOD ANY COURSE IN A KNOWN CURRENT, 

AND ALSO THE DISTANCE MADE GOOD. 

Draw a line on a chart to represent the course to be made good ; 
from the ship's place on the chart lay off a line in the direction of the 
set of the current, on which mark off from the ship's place the rate of 
the current per hour ; then take in the compasses the distance the ship 
sails in an hour by log, and put one foot on the last-named mark, and 
from the point where the other foot reaches the first line draw a line to 
the mark on the line representing the direction of the current. The 
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course to be steered is represented by tbe line last drawn, and the 
parsJlel ruler being placed to it, and moved to the centre of the com- 
pass on the chart, will give the course of the ship ; and that portion of 
the first line drawn, intersected by the last line drawn, will be the dis- 
tance the ship will make good per hour. 




On a chart, suppose A to be the place of the ship, B the port of des- 
tination ; also A C the set of the current, the rate per hour being taken 
trojR the scale of miles and laid off in the direction of the line. Take 
the distance sailed by the ship per hour froia the scale of miles, and 
with one foot of the dividers at C, make an arc cutting A at D. Join 
C D, and move the parallel ruler from C D to A, drawing A E parallel 
to C D : then A E will be the direction of the ship's head. And the 
parallel ruler being moved to the centre of the compass en the chart, 
will give the course of the ship on the chart ; and A D will be the dis- 
tance the ship will make good. 



SOTiroiNGS. 



In the open sea, the tides require about six hours and a quarter to rise 
from low to high water, and an equal interval to fall from high to low 
water. If the rise or fall was an imiform quantity throughout, by 
simply taking a proportionate part of the rise or fall due to the time 
of tide, we should at once obtain the quantity required to reduce the 
soundings to the low water of that day. But the water does not rise 
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in equal proportions, the rise during the first and last hours being very 
small (about one sixteenth of the whole range) : in the second hour 
there is a considerable increase of rise ; in the third and fourth hours 
a still greater increase of rise ; and then the rise begins to take off in 
the same proportions as it increased."* 

The correct amount for every half-hoiu', and for various ranges, is 
given in the " Tide Tables for the English and Irish Ports for 1864,'' 
(p. 98, Table B) published by the Hydrographic Office, Admiralty. 

As the soundings upon the charts are all referred to low water of 
ordinary spring tides, f casts of the lead taken at any other time of the 
tide, or any other day than full and change, will exceed the depth 
marked on the chart (except when it happens tobelowwaterof ^r^a^w^ 
spring tides). It is necessary for the seaman to be able to calculate 
the difference between the actual depth obtained by means of his lead, 
and that marked on his chart, in order to the identification of his ship's 
place, more especially when the range of tide is considerable, and the 
depth not great. Also, when about to enter a port in a vessel whose 
draught of water is nearly equal to the depth, it is necessary to find 
the height of tide as exactly as circumstances will permit. 

Two classes of questions may be proposed in reference to this sub- 
ject— /r«^/y, to find the deptli of water at a given place and time; 
secondly^ having obtained the actual depth by a cast of the lead, to find 
the soimding on the chart corresponding thereto, and thence to identify 
the ship's place. Both these classes of questions require us to know 
the time of high water and the range of the tide on the given day ; and 
for this purpose almanacs are published. The most correict, and by 
far the most useful of all these, are the " Tide Tables " published by 

♦ The reader may obtain an idea of this law, sufficiently exact for practical pur- 
poses, in the following manner : — Describe a circle, and divide the circumference into 
six equal parts on each side, corresponding to the hours of the tide ; then divide the 
diameter mto proportional parts, corresponding to a given (assumed) I'ange of tide. 
Connect the segments of the circle by straight lines drawn across the figure, when it 
will be perceived that they intersect the diameter at certain divisions of the rauge. 
These are the correct quantities respectively due to each hour's rise or fall of such a 
tide firom low to high water, and vice versd^ An examination of these quantities will 
show, that in the first hour of the tide the rise is equal to one-sixteenth of the whole 
range ; at two hours from low or high water, the tide has risen or fallen one-fourth of 
the whole range : at three hours, it has risen just A«/f its range ; at four hours, it has 
risen three-fourthe of the whole ran^ ; at five hours, to within a fifteenth of the whole 
range. The above method, which is constructed upon principles theoretically correct, 
will represent with sufficient exactness all that is necessary for practical purposes. 

t On most charts the soundings expressed are reduced to low water of ordinary 
spring tides ; but in some charts, however, the soundings are reduced to the low water 
of extraordinary spring tides — such, for example, is the case on the chart of Liverpool, 
surveyed by Captain Denham, B.N., the soundings on which are reduced to a spring 
range of thirty feet, while the mean spring range for that place, as deduced from 
obfl^vationB made fbr two years at the Tide Gauge, St. Qeorge*s Pier, is 26 feet 
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the Admiralty, and to which we have ali*eady referred. In this book 
are given the times of high water and the height of the tide for every day 
in the year, at each of the principle ports in Great Britain. 

We propose commencing our examples by some questions illustrative 
of the time and range of tide. 

To find the time of tide, we proceed according to 

EULE LXn. 

i^. Open the Admiralty Tide Tables at the proper month; and in the 
column under the head of the place near your positiony and opposite the dag 
of the month, take out the ** time " of high water in the morning or afternoon, 
09 the case requires, and write it doum. 

2^. Next place underneath the time at ship, and take the difference, 
and call it '' time from high water." 

Examples. 

Ex. t . 1 864, May i ith, at 5^ p.m. : required the interval from high water at Belfast. 

Time of high water, Belfast (page 40, Admiralty Tide Tables) . . 3^ 3"° p.m. 
Subtract fiiom time at place * * ..50 

Time aftei' high water . . i 57 

Ex. 2. 1864, May 7th, at 8^ 36°^ p.m. : find the interval from high water at North 
Shields. 

Time of high water, North Shields (page 37, Admiralty Tide Tables) 10^ i"» 
Subtract ^m time at place 8 36 

Time before high water . • i 25 

To find the Bange of Tide for the given day, proceed according to 

EULE LXin. 

1°. JEnter the Admiralty Tide Tables at the proper month; and in the 
column under the head of the place, and under height, take out the figures 
which stand opposite the day. 

2°. From this subtract the half mean spring range, which stands at the 
foot of the column. 

The remainder is the half-range of the day. 

Examples. 

Ex. I. 1864, April 3rd : find the range of the morning tide at Thurso, 

ft, in. 
Height of tide at Thurso (page 29) . . 10 10 
Half mean spring range 67 

Half-range of the day . . 43 

2 

Range 8 6 
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Ex. 2. 1864, January loth : find the half-range of the afternoon tide at London, 

ft. in. 
Height at London (page 3) . • ..197 
Half mean spring range . . . . . . 97 

Half-range of the day .. 10 o 

Examples fob Pbactige. 

Ex. I. 1864, October i6th : find the half-range of the morning tide at Holyhead. 
Ex. 2. 1 864, May i ith : find the half-range of the morning tide at Liverpool. 
Ex. 3. 1864, March loth : find the range of the afternoon tide at Dover. 

To find how much we must subtract from casts of the lead, in order 
to a comparison with the soundings marked on the chart, proceed by 

EULE LXIV. 

1°. Find the time from high water (less than 6*'), hefore or after ^ aecor- 
ding to Bule LXII. 

2°. Next find the half-range for the given day^ Bule LXIII. 

3°. Enter Table B, page 98, Admiralty Tide Tables ; and under the time 
from high water y and opposite the half-range for the given day^ take out the eor^ 
rection corresponding thereto, observing whether it is to he added or subtracted. 

4°. Add or subtr£ict the correction, as directed, to the half spring range 
marked on the chart. 

The result is the correction to be made to the sounding. 

Examples. 

Ex. I. 1864, September 14th, at 7^ 58'" p.m., a ship off Liverpool strikes soundings 
in 8 fathoms : required the corrected sounding to compare with the chart. (The half 
spring range by Captain Denham's chart is 15 feet.) 

Admiralty Tide Tables (page 70) : time of high water at 

Liverpool, September 14th, 1864 9>>58<>^ p.m. 

Time of sounding 7 58 

Time from high water.. .• •• 20 

ft. in. 
Height at Liverpool 26 4 



ueigj 
Half 



mean sprmg range 13 o 

Half-range of the day 13 4 

In Table B, page 98, under 2^, opposite 13^ feet, stands add 6 8 

Half spring range by chart 15 o 

Correction 3^ fathoms, or .. .. 21 8 

Depth by lead 8 &thoms. 

Correction 3j^ „ 

Showing the depth by comparison 4J- ,, 
"Whence the depth to compare with the ohart is only 4^ fathoms, instead of 8 &thomfl. 
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Ex. 2. 1864, Septeml)er 7th, at 3** 39™ a.m., a vessel has to cross the Victoria Bar, 
Liverpool : it is required to know what water she will have over the Bar. (Depth at 
low water springs on chart, 1 1 feet.) 

By Admiralty Tide Table: September 20th, time from 

high water, found as in Ex. i 2^ o"» 

ft. in. 
Half-range for the day (Rule LXIII) 13 2 

By Table B : with these quantities the correction is add .. 6 7 

Half spring range by chart 13 o 

Add for Liveipool chart 2 o 

Correction .. 21 7 
By chart : depth on Victoria Bar at low water springs . . 11 o 

Depth on Bar at 2^ from high water, Sept. 20th, . , . . 32 7 

or 5 J fathoms, nearly. 

Ex. 3. 1 864, August 20th, at 8^ 38" p.m., a vessel anchored oflf Weston-super-Mare, 
in 6 J fathoms ; at low water the vessel was " high and dry : " required the cause of 
this. (Half spring range by chart 23 feet.) 

By Tables : August 20th, time of high water at Weston- 
super-Mare 8^ 55™ P.M. 

Time of anchoring 8 38 

Time before high water o 17 

ft. in. 

Height of tide by Tables 40 o 

Half spring range 18 7 

Half-range 21 5 

By Table B, 17" and half-range 2i| giv^ . , . ♦ add 21 2 
By chart : half spring range . . . . 23 o 

Correction to low water 44 2 

Soundings 6 J fathoms, or . . . • 39 o 

5 a 
Water below the sounding ; or, the ship is found to be 5 feet dry at low water. 

Examples for Pbactice. 

Ex. I. 1864, June 24th, at 11^ 22™ a.m ; requfred the depth of water on the 
" Four-fathom Ledge " oflf Weston-super-Mare. 

Ex. 2. 1864, August 1st, at 8^ 39™ a.m. : required" the depth of water at the 
Fairway Buoy in the Old Formby Channel. (Admiralty Sounding, 2^ fathoms.) 

Ex. 3, 1864, June 20th, at 2^ 25™ p.m., a vessel having to cross the Victoria Bar, 
Liverpool : required the depth of water at that time. 

Ex. 4. 1 864, March 1 ith, at 8i» 34" a.m., a vessel anchored oflf Weston-super-Mare, 
in6Jfe,thomfl: required the depth at low water. 
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LLOYD'S EXILES 
FOR THE STOWAGE OF MIXED CARGOES, 

Prepared hy Hsnbt C. Chapman & Co., Agents for Lloyd's, Liverpool, 



I . Owners, Commanders, and Mates of ships, are considered in law in 
the same situation as common carriers, it is therefore necessary that all 
due precautions be taken to receive and stow cargoes in good order, and 
deliver the same in like good order. The law holds the shipowner liable 
for the safe custody of the goods when properly and legally received on 
board in good order, and for the ** delivery " to parties producing the 
bill of lading. The captain's blank bill of lading should be receipted 
by the warehouse keeper, or person authorised to receive the contents. 
Goods are not unfrequently sent alongside in a damaged state, and letters 
of indemnity given to the captain by the shippers for signing in good 
order and condition ; this is nothing more or less than conniving at fraud ; 
fine goods are also often damaged in the ship's hold by lumpers, if per- 
mitted to use cotton hooks in handling bales. All goods must be received 
on board according to the custom of the port where the cargo is to be 
taken in ; and the same custom will regulate the commencement of the 
responsibility of the master and owners. 

2. Hemp, flax, wool, and cotton, should be dunnaged 9 inches on 
the floors, and to the upper part of the bilge, the wing bales of the second 
tier kept 6 inches off the side at the lower comer, and 2 J inches at the 
sides. Sand or damp gravel ballast to be covered with boards. Pumps 
to be frequently sounded and attended to. Sharp bottomed ships one-third 
less dtmnage in floor and hilges. Avoid horn shavings as dunnage from 
Calcutta. 

3. Oil, wine, spirits, beer, molasses, tar, &c., to be stowed bung up ; 
to have good cross beds at the quarters (and not to trust to hanging bedsj^ 
to be well chocked with wood, and allowed to stow 3 heights of pipes or 
butts, 4 heights of puncheons, and 6 heights of hogsheads or half- 
puncheons. AH moist goods and liquids, such as salted hides, bales of 
bacon, butter, lard, grease, castor-oil, &c., should not be stowed too 
near " dry goods," whose nature is to absorb moisture. Shipowners 
have often to pay heavy damages for leakage in casks of molasses, arising 
from stowing too many heights without an intervening plaltforjn or 
'twixt decks. From Bengal, goods also are frequently damaged by 
castor-oil. 
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4. Tea and flour, in barrels ; flax, clover, and linseed, or rice, in 
tierces ; coffee and cocoa, in bags, should always have 9 inches, at least, 
of good dunnage in the bottom, and 14 to the upper part of the bilges, 
witii 2 J inches at the sides : allowed to stow 6 heights of tierces, and 8 
heights of barrels. All ships above 600 tons should have 'twixt decks 
or platforms laid for these cargoes to ease the pressure — caulked 'twixt 
decks should have scuppers in the sides, and 2^ inches of dunnage laid 
athwartship, and not fore-and-aft ways, when in bags or sacks : and 
when in boxes or casks not less than i inch. Eice, from Calcutta, is 
not iinfrequently damaged by indigo, for w^nt of care in stowing. 

5. Entire cargoes of sugar, saltpetre, and guano, in bags, must have 
the dunnage carefully attended to, as laid down for other goods. Timber 
ships are better without 'twixt decks if loading all timber or deals. 
Brown sugar to be kept separate from white sugar, and both kept from 
direct cont£ict with saltpetre. 

6. Pot and pearl-ashes, tobacco, bark, indigo, madders, gum, &c., 
whether in casks, cases, or bales, to be dunnaged in the bottom, and to 
the upper part of the bilges, at least 9 inches, and 2^ inches at the sides. 

7. Miscellaneous goods, such as boxes of cheese, kegs and tubs of 
lard, or other small or slight-made packages, not intended for broken 
stowage, should be stowed by themselves, and dunnaged as other goods. 

8. Barrels of provisions and tallow casks, allowed to stow 6 heights. 
All metals should be stowed imder, and separated from, goods liable to 
be damaged by contact. 

9. All manufactured goods, also dry hides, bales of silk, or other 
valuable articles, should have 2 J inches of dunnage against the side, to 
preserve a water-course. Bundles of sheet-iron, rods, pigs of copper or 
iron, or any rough hard substance, should not be allowed to come in 
contact with bales or bags, or any soft packages liable to be chafed. 
When mats can be procured, they should be used at the sides for silk, 
tea, &c. 

10. Tar, turpentine, rosin, &c., to have flat beds of wood under the 
quarters, of an inch thick, and allowed to stow 6 heights. 

1 1 . Very frequent and serious loss falls on Merchants on the upper 
part of cargoes, particularly in vessels that bring wheat, com, tobacco, 
oil-cake, &c., arising from vapour damage imbibed by wheat, flour, or 
other goods, stowed in the same vessel with turpentine, or other strong- 
scented articles : the shippers are to blame for such negligence, for not 
making due inquiry before shipping. 

12. Ships laden with full cargoes of coal, bound round Cape Horn 
or Cape of Good Hope, to be provided with approved ventilators, as a 
preventive against ignition. 
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Note.— Shippers abroad, when they know that their cargoes will be stowed pro- 
perly, will give a preference, and at higher rates, to such commanders of ships as will 
undertake to guarantee the dunnage. The American shipowners, in the stowage of 
mixed cargoes in large ships, have, from experience, discovered what "pressure" flour 
barrels, provision casks, &c., will bear, and so avoid reclamations for damage if other- 
wise properly stowed : hence, in large ships above 600 tons, with dimensions exceeding 
in length 4^ times the beam, and 21 feet depth of hold, orlop decks will come into 
general use, so as to relieve the pressure, by dividing a ship's hold like a warehouse, 
into stories. A large ship, called the " Liverpool," which leffc New York in December 
last, with an entire cargo of flour, has never since been heard of ; it is supposed the 
lower tiei: of barrels gave way under the pressure, and the cargo having got loose, 
shifted in a gale of wind, and capsized the vessel. Ship's cargoes, for Insurance, will 
also become a matter of special agreement between merchant and shipowner, and 
merchant underwriters, and the premiums vary according to the dunnage agreement* 
The stowage and dunnage must stand Al, and is often of more importance than the 
class of the vessel, as experience has proved. When ships are chai-tered for a lump 
sum, the draft of water should be limited, as it not unfrequently happens that brokers 
insert a clause that coals are not to be considered as dead weight, in order to fill the 
ship up in case of goods falling short, to make up the chartered freight. All pack- 
ages, bales, and cases, not weighing more than 25 cwt. to the cubic ton measurement, 
are designated as light freight. — Lloyd's, May, 1851. 



MONTEEAL, ETC.,— STOWAGE OF GEAIN CAEGOES. 
Lloyd'*8 instructions to Masters and Mates. 

1 . No ship exceeding 400 tons register can be entirely loaded with 
grain in bulk ; and aU exceeding 400 tons register may take two-thirds 
of the cargo of grain in bulk, and one-third in bags, or rolling freight 
instead thereof. In the latter case, the grain in bulk should be stowed 
6 inches, but not more above the beams, to allow for settling. 

2. When ships take wheat, corn, &c., in bulk, it must be stowed in 
sections or "bins" (not to contain more than 12,000 bushells each), to 
be lined with thoroughly seasoned boards, grain tight, not less than 10 
inches from the flat of the floor, and from 14 to 16 inches in the bilges 
graduated to the sides, which must be clapboard lined to the deck. 
Care must be taken to preserve a water-course under the lining. Good 
shifting boards, secured to the stanchions, extending at least 6 feet 
downwards and fltted tight to the deck. The stanchions not to be 
removed, but firmly secured. No loose grain to be stowed in the ex- 
treme ends, and no admixture of other goods. Pumps and masts cased 
and covered with mats and canvas, made thoroughly grain tight, with 
sufficient space in the well to admit the passage of a man to the heels 
of the pumps, and access had to the same by means of a man-hole from 
the deck, or by a clear passage from the 'tween decks ait. Mats to be 
used for covering knees, keelsons, and stanchions, if required, but not 
for lining or covering the sides. 

3. GraiQ, when stowed in bags, must be duimaged not less than 10 
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inches on the floor, 14 to 16 inches on the bilges, 3 inches on sides up 
to the deck ; between decks the dunnage must be laid athwartships, at 
least 2 inches from the deck. Shifting plank extending at least 4 feet 
from deck beams downwards, secui'od to stanchions. The dunnage in 
the hold must be entirely covered with boards and sails, or mats, grain 
tight. 

4. All bulk or loose grain must be taken in bins prepared for that 
purpose. 

5. For dunnaging, deals are preferable to anything else. They 
ahould be laid fore-and-aft, about 3 inches apart, the second tier over 
the spaces of the first tier, the third tier over the spaces of the second, 
and so on. Staves or other materials generally used for dimnage to be 
placed so as to give free course for the water to reach the pumps. The 
dunnage should be raised from 10 to 12 inches from the floor, and in 
the bilges from 14 to 16 inches, according to the build of the ship and 
the discretion of the Inspector. Flat-floored, wall-sided ships should 
be fitted with bilge pumps. 

6. The stiids for the bulkheads should be made of three-inch deals, 
placed about 2 feet apart, and firmly secured at the top and bottom, and 
properly braced and elected on the lining and to the beams (or deck), 
to resist the pressure of the grain. 

7 . The studs for the bulkheads forward, and after bulkheads for ships 
not exceeding 10 feet depth of hold, must be 4 by 6 inches in size, and 
of I entire piece ; of a greater depth than 1 6 feet, they must be 4 by 8 
inches. They must be set 20 inches apart from centre to centre, firmly 
secured at the top and bottom, and properly braced and elected on the 
ceiling and deck, to resist the pressure of the grain. 

8. The sides above the turn of the bilge must be lined on one-inch 
battens after the manner of clapboarding. 

9. Shifting planks 2 inches thick must extend to the deck on each 
side of the stanchions, fitted tight under and between the beams and 
carlins, and extending not less than 6 feet downwards ; care must be 
taken that the stanchions are well secured at both' ends. In no case 
can single boards be substituted for plank, and the shifting boards must 
be shored from sides, midway between the stanchions. 

1 o. Materials for bins must be perfectly seasoned ; unseasoned lum- 
ber must not be used where it will come in contact with the grain. 
Water-tanks, whether of wood or iron, must be cased with wood to 
prevent damage from sweat or leakage. And all ships with grain in 
bulk ought to have feeders and ventilators. 

II. It must be seen that the grain is well trimmed up between the 
beams, and the space between the beams completely filled. 
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1 2 . When ships are chartered, the draught of water should be limited, 
and provision made for loading under inspection. 

1 3. The load draught must be regulated by the depth of the hold, 
allowing 3 inches to every foot depth of hold, measured from lowest 
line of sheer of deck amidships to the water, when upright. Ships 
having an additional deck put on after construction, the depth of hold 
to be measured from original deck. 

Ships loading grain complying strictly with the above rules, lined 
and loaded under the supervision of the surveyor appointed by Lloyd's 
agent, will be entitled to a certificate to that effect. 

Applications for supervision will have to be made in writing, and a 
fee of 10 dollars charged for such supervision and certificate. 



In preparing the ship's hold to receive cargo, all the limber boards 
are to be taken up, all dirt removed from the floors as high as can be 
reached, and the limber holes effectually cleared. 

All perishable goods require dimnage ; the quantity required for the 
different cargoes is indicated under their proper headings. As a general 
rule, however, there must not be less than 6 inches in the bottom, and 
9 inches in the bilge. Dunnage is chiefly required about the pum- 
well and bilges, masts, in the wake of the chain-plates and transoms ; 
since, when a ship lies along she will have most water in the wake of 
the floor timbers, and ships are apt to strain in the wake of the chains, 
owing to the weight of the masts and rigging when she lies along. 
The 'tween deck dunnage to be laid athwartship, and the first or ground- 
tier not to be carried too far over towards the bilge. The bilge dimnage 
should always be carried well up. 

In stowing the hold, homeward, from India,* the dunnage should be 
levelled from about 2 inches above the keelson, before the main hatch, 
and lowered towards the wings, to allow for the droop of the beams. 
The ground should not be carried too far over towards the bilge, where 
there should never be less than 9 inches dimnage from the skin. If the 
dead weight consists of cargo in bags, in stowing the third height the 
dunnage may be reduced to 6 inches, and above that gradually to 2 
inches from the ship's side, which will be sufficient in a tight ship, ex- 
cepting in the wake of the chain-plates and bolts, where it should not 
be less than 3 inches. 

When putting dry cargo on moist, or putting one against the other, 
let double mats intervene. Mat in the way of iron knees and iron 
stanchions ; dunnage and mat round masts. 

♦ The Sea Officer's Manual. By Capt. A, Parish. 
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Plenty of quoins slioiild bo used in stowing casks, which are to be 
placed bung up, bilge free, and exactly fore-and-aft, upper tiers, bilge, 
and cuntlines. The bilges should be free, not only from underneath, 
but from the casks also on either side ; they may be stowed close, until 
the longer is completed, and then wedged off by driving quoins on each 
upper quarter. If the casks are not exactly in a fore-and-aft line, the 
chimes will lock and get broken, in breaking them out of their place. 
The space between casks should be filled up just high enough for the 
beds to rest upon, that the strain from the upper heights may not fall 
entirely upon the lower casks. 

All cases should be stowed mark up, and entered in the hold-book 
as stowed. 

Ibon, Bar and Eailway. — ^Bar iron should be crossed, and the 
crossings kept exactly one over another — ^the first precaution being to 
keep the centre of gravity up, and thereby prevent the violent rolling 
of the ship ; and the second, to prevent the bars iroia working. The 
ceiling of the vessel should also be protected from the chafe of the ends 
of the bars, by putting about 3 rows of them, with their ends properly 
shifted, between the ceiling and the crossed bars. 

An experienced stevadore recommends faggots, about 1 8 inches thick, 
to be laid athwartships from the keelson to the sides. The iron is to 
be placed fore-and-aft, solid or close together. Next tier to be placed 
angle-fashion, towards the keelson and the wings, pigeon-coated — ^that 
is, with a space of 4 inches from bar to bar. Cross the third tier the 
opposite way, so as to form a diamond in the openings. Then stow 
fore-and-aft, solid, and so continue stowing, 2 tiers open and i solid, 
until three-fifths of the cargo is in, finishing with a solid tier. On this 
lay dunnage as below, and then stow i tier solid and 2 tiers open, imtil 
the cargo is complete. 

Lead. — When pig-lead only is taken, dunnage with coal and rubble 
until the keelson is completely covered, in order to raise the lead and 
make the ship easy in a sea-way. Lay plank, and stow in the middle 
in stacks, placing the pigs 3 or 4 inches apart, and crossing at the same 
distance. 

Machineby. — Place it in the vessel before taking any other part of 
the cargo, on accoimt of its great weight, and to afford the opportunity 
of securing the several pieces properly by beds and chocks. Articles 
such as cog-wheels, and castings of a similar shape, should be lashed 
vertically or edgeways to the masts, taking proper care to chock them 
on each side with rough cases of goods, well dunnaged. 

Bale Goods. — ^In stowing bale goods, care should be taken to put 
the bales on iheirjlats in midships, and on their ed^es in the wings, 
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that in the event of leak from the deck, i or 2 of the pieces only might 
be wet, and not the whole bale. 

General Cabgo. — ^The strongest casks — such as beer, tallow, &c., — 
should be selected for the ground tier, and not dry goods, if it can be 
avoided, — ^reserving wines, spirits, oils, molasses, for second or third 
tier, in order to reduce the pressure. Special attention must be directed 
to the preventing of dry gOods in bags or bales being placed near other 
goods liable to leakage, or moist goods — as for example, salted hides, 
grease, lard, bales of bacon, &c. ; if possible, stow dry goods in the 
after hold. 

Guano requires a dimnage of from 1 2 to 15 inches, and some even 
recommend 2 feet, as it tends to make the cargo more secure, and the 
ship easier in a sea-way. It has been recommended to stow guano on 
a platform similar to that used when taking in copper ore, or it should 
be weU dimnaged, as high up as the keelson ; then place bags — say 2 
tiers — ^fore-and-aft, so as to prevent any air from being drawn through 
by the suction of the pumps, or the powder or loose guano from finding 
its way between. Dunnage the ship's sides not less than 3 inches, and 
carry a tier of bags up as high as the lower beams ; the hold must be 
so stowed that a man can go on and around the cargo daily to inspect it. 

Obes. — Heavy cargoes, such as copper ore, iron ore, or lead, should 
be conveyed in vessels having a platform built at about a fourth of her 
depth from the bottom ; this will cause the vessel to be lively in a sea-way. 
Copper ore, from South America, is stowed in cases or trunks shored 
up in the centre. With an entire cargo a trunk way is built up in the 
hold, otherwise the ship will be considered not sea- worthy. 

Acids, &c., must be stowed on deck, and on no account below, but in 
such a position that if there is any breakage, they can readily be cut adrift 
and thrown overboard. 



ON CUTTING AND FITTING RIGGING. 



On Cutting Loweb Rigging. — Draw aline from the side of the partners 
abreast of the mast, on the deck, parallel to the channels, and to extend 
as far aft as they do. On this line mark the places of each dead-eye, 
corresponding to their places against the channels. Send a line up to 
the mast-head, and fasten it to the mast by a nail above the bibbs, in a 
range with the centre of the mast, and opposite to the side the channel 
line is drawn upon. Then take the bight of the line aroimd the forward 
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part of the mast, and fasten it to tlie mast by a nail, opposite the first 
nail, so that the part between the nails will be half the circumference of 
the mast-head ; tiien take the line down to the mark on the channel line 
for the forward dead-eye, and mark it as before ; and so on, imtil you 
have got the distance between the mast and each mark on the channel 
line. Now cast off the line from the mast-head, and the distance be- 
tween the end of the line and each mark will give you the length of each 
shroud from the lower part of the mast-head. And to make an allowance 
for one pair of shrouds overlaying another, you may increase the length 
of the pair put on second — that is, the larboard forward ones — ^by twice 
the diameter of the rigging, the third pair by four times, and so on. 

The size of the lower rigging should be as much as eight and a half 
inches for vessels of 700 or 800 tons, and from seven and a half to eight 
inches for smaller vessels over 300 tons. 

For the length of the fore, main, and mizen-stays, take the distance 
from the after part of the mast-head to their hearts, or to the place where 
they are set up, adding once the length of the mast-head for the collar. 

The standing stays should be once and a half the circumference of 
the shrouds. 

FiTTiNa Lower Eigging. — Get it on a stretch, and divide each pair 
of shrouds into thirds, and mark the centre of the middle third. Tar, 
worm, parcel, and serve the middle third. Parcel with the lay of the 
rope, working towards the centre ; and serve against the lay, beginning 
where you left off parcelling : serve as taut as possible. In some vessels 
the outer thii'ds of the swifter are served ; but matting and battens are 
neater, and more generally used. 

Formerly the middle third was parcelled over the service, below the 
wake of the futtock staff. Mark an eye at the centre of the middle third, 
by seizing the parts together with a round seizing. The eye of the 
pair of shrouds that goes on fibrst should be once and a quarter the cir- 
cumference of the mast-head ; and make each of the others in succession 
the breadth of a seizing larger than the one below it. 

Parcel the score of the dead-eye, and heave the shroud taut round it, 
turning in with the sun if right-hand-laid rope, and against the sun if 
hawser-laid; then pass the throat seizing with nine or ten turns, the outer 
turns being slacker than the middle ones. Pass the quarter seizings 
half way to the end, and then the end seizings, and cap the shroud, 
well tarred under the cap. 

Make a Matthew "Walker knot in one end of the lanyard, reeve the 
other end out through the dead-eye of the shroud, beginning at the side 
of the dead-eye upon which the end of the shroud comes, and in through 
the dead-eye in the channels, so that the hauling part of the lanyard 
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may come in-board, and on the same side with the standing part of the 
shroud. If the shroud is right-hand-laid rope, the standing part of the 
shroud will be afb on the starboard, and forward on the larboard side ; 
and the reverse if hawser-laid. 

The neatest way of setting up the lower fore-and-aft stays is Jjj reeving 
them doum through the bull's eye, with tarred parcelling upon the thim- 
ble, and setting them up on their ends, with three or four seizings. The 
collar of the stay is the length of the mast-head, and is leathered over 
the service. The service should go beyond the wake of the foot of the 
topsail, and the main-stay should be served in the wake of the foremast. 
The main and spring-stay usually pass on different sides of the foremast, 
and set up at the hawse-pieces. 

CuTTiNa AND FiTTiNa ToPMAST EiGQiNa. — For the forward shroud, 
measure from the hoimds of the topmast down to the after part of the 
lower trestle-trees, and add to that length half the circimiference of the 
mast-head at the hoimds. The eye is once and a quarter the circum- 
ference of the mast-head. The topmast rigging in size should be three- 
fifths of the lower rigging. For the topmast backstays, measure the 
distance from the hoimds of the mast down to the centre of the deck, 
abreast of their dead-eyes in the channels, add to this length one-half the 
circumference of the mast-head. Add to the length of the larboard pair, 
which goes on last, twice the diameter of the rope. The size of the fore 
and maintopmast backstays is generally one quarter less than that of the 
lower rigging, and that of the mizentopmast backstays the same as that 
of the maintopmast rising. The size of the topmast-stays should be 
once and a quarter that of the rigging. The topmast rigging is fitted 
in the same manner as the lower. The backstays should be leathered 
in the wake of the tops and lower yards. The breast backstays are 
turned in upon blocks instead of dead-eyes, and set up with a luff- 
purchase. The foretopmast-stay sets up on the starboard, and the 
spring-stay on the larboard side of the bowsprit. 

All the fore-and-aft stays are now set up on their ends, and should 
be leathered in their nips, as well as in their eyes. 

The maintopmast-stay goes through a heart or thimble at the fore- 
mast-head, or through a hole in the cap, and sets up on deck or in the 
top ; and the mizentopmast-stay sets up at the mainmast-head, above 
the rigging. 

Jib, Topgallant, and Eoyal Eigging. — The jib-stay sets up on its 
end on the larboard side of the head, and is served ten feet from the 
boom, and its collar is leathered like that of the topmast-stay. The 
gaub lines, or back ropes, go from the martingale in-board. G^ie gVLja 
are fitted in paii*s, rove through strap or snatches on the spritsail-yard, 
1 1 
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and set up to the eye-bolts inside of or abaffc th.e cat-heads. The foot 
ropes are three-quarters the length of the whole boom, and go over the 
boom with a cut splice. Overhand knot or Turk*s-heads should be taken 
in them at equal distances, to prevent the men from slipping when laying 
out upon them. 

The most usual method of fitting topgallant rigging in merchantmen 
is to reeve it through holes in the horns of the cross-trees, then pass it 
between the topmast shrouds over the futtock staff, and set it up at an 
iron band roimd the topmast, just below the sheave-hole ; or else down 
into the top, and set it up there. Then get the length of the starboard 
forward shroud, measure from the topgallant-mast-head to the heel of 
the topmast, and add one-half the circumference of the topgallant-mast- 
head. Its size should be about five-sevenths of the topmast rigging. 
Each pair of shrouds should be served below the futtock staves. They 
are fitted like the topmast shrouds. The fore-and-aft stays of long top- 
gallant-masts go with eyes, and are served and leathered in the wake 
of the foot of the sails. The fore-topgallant-stay leads in on the star- 
board side of the bowsprit, and sets up to a bolt at the hawse-piece ; the 
main leads through a chock on the after part of the fore-topmast cross- 
trees, and sets up in the top and mizen usually through a thimble on 
the main cap, and sets upon its end. 

The topgallant backstays set up on their end, or with lanyards in the 
channels ; and for their length, measure from the mast-head to the 
centre of the deck, abreast the bolt in the channels. 

The royal shrouds, backstays,* and fore-and-aft stays, are fitted like 
those of the topgallant-masts, and bear the same proportion to them 
that the topgallant bears to the topmast. The fore royal stay reeves 
through the outer sheave-hole of the flying jib-boom, and comes in on 
the larboard side ; the main, through a thimble on the fore jack cross- 
tree ; and the mizen, through a thimble at the maintopmast cap. The 
flying jib-stay goes in on the starboard side, and sets up like the jib- 
stay. The gear of the flying jib-boom is fitted like that of the jib-boom. 

Batling. — Swift the rigging well in, and lash handspikes or boat's- 
oars outside at convenient distances parallel with the shear-pole. Splice 
a smaller eye in the end of the ratlines, and seize it with yarns to the 
after-shroud on the starboard side, and to the forward on the larboard, 

♦ "The plan adopted in some ships, of having the topgallant and royal backstays 
singly f with eyes like the stay, may be recommended in preference to the horse-shoe; 
for, though there are two eyes on the mast-head, yet when well fitted they do not 
look so clumsy as the hoise-shoe, and are much safer, for it is a very common occur- 
rence for backstays to be stranded in the nip of the grummet, or seizing. Those who 
imagine that they will look badly if single, have only to give the plan a trial to find 
. themselves mistaken/' — The Mate and his Duties, page 30. 



ON RIGGING SHIPS, ETC. 243 

SO that the hitclies may go with the sun. Take a clove hitch round each 
shroud, hauling well taut, and seize the eye of the other end to the 
shroud. The ratlines of the lower rigging should be thirteen, and of the 
topmast rigging eleven inches apart, and all square with the shear-pole.* 
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EiGGiNa Shears. — Shore the decks from the skin up, particularly 
abreast of the partners. Sling ** skids" up and down the sides, for 
the purpose of keeping the shear-legs clear of the channels ; reeve the 
parbuckles, and bring the shear-legs alongside, with their small ends 
aft; parbuckle them on board, and their heads or after-ends resting either 
on the tajSrail, the brake of the poop, or a spar placed in the most con- 
venient spot — the more elevated the better. Square the heels exactly 
one with the other, so that when they come to be raised, the legs may 
be found of equal height. 

As near the after ends as may be considered necessary, when crossed, 
put on the head-lashing of new well stretched rope f figure of 8 fashion) ^ 
similar to a racking seizing, and cross with the ends. Open out the 
heels, carrying one over to each gangway, and placing it on a solid piece 
of oak or shoe, previously prepared for the purpose. Clap stout tackles 
on the heels, two on each — one leading forward, the other aft ; set taut 
the after ones, and belay them. Lash a three or four fold-block, as the 
upper one of the main-purchase, over the main lashing (so that it will 
hang plimib under the cross), with canvas underneath to prevent chafing, 
and in such a manner that one-half the turns of the lashing may go 
over each horn of the shears, and divide the strain equally : also suffi- 
ciently long to secure the free action of the block. Lash the small pur- 
chase block on the after horn of the shears, sufficiently high for the falls 
to play clear of each other, and a girtline block above all. 

Middle a couple of hawsers, and clove hitch them over the shear- 
heads ; having two ends leading forward and two abaft, led through 
vial blocks, and stout luffs clapt on them. These should be sufficiently 
strong to secure the shears while lifting the masts. 

* " The most approved method of ratling is, after the rigging is properly sparred 
and swiffcered, to begin at the shear-pole, and work upwards" .... making "the 
hitches right-handed which are formed on the shroud, before the other end is cut ; 
and before cutting, the man should call out that he is ready to do so, that the mate 
may (by going to the opposite side of the deck or rail) be satisfied that it is properly 
put on. After rigging has been newly rattled, the spars should not be taken away 
till the tar about the hitches is well set," — The Mate and his Duties^ page 32. 
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The lower-purchase block is lashed 5)rward (perhaps round the cut- 
water), and the fall being rove, the shears are raised by heaving upon 
it, and preventing the heels from slipping forward, by means of the 
heel tackles previously mentioned. 

Sometimes a small pair of shears are erected for the purpose of 
raising the heads of the large ones ; in which case care must be taken 
to place them so as to allow the heads or horns of the other pair to pass 
through. 

When the shears are up, or nearly perpendicular, cleet the shoeSj so 
as to confine the heels to their places upon them. They then can be 
transported along the deck by means of the heel tackles and guys to 
the situation required, taking care to make them rest upon a beam, 
and to have the deck properly shored up below. 

Finally, give the shears ihe necessary rake by means of the guys,* 
and set taut the guys and heel tackles. Aliso five or six feet above the 
deck, on each leg put two cleets, for the purpose of applying two stout 
lashings from them above to the dead-eyes in the channels hehw, in order 
to give greater security ; this being done, the shears may be considered 
ready. 

To TAXE IN THE MizENMAST. — Tow the mizeumast alongside with 
ihe head aft, and the garland lashed on the forward part of the mast, 
above the centre ; lash a pair of girtHne blocks on the mast-head, and 
reeve the girtlines ; bend the shear-head girtline to the mast below the 
bibbs, to cant it. Overhaul the main-purchase down abaft, thrust the 
strap through the eyes of the garland, toggle it, and secure the toggle 
by a back lashing. Take the fall to the capstan and '^ heave round ; " 
when the heel rises near the rail, hook on a heel-tackle to ease it in- 
board. Get the mast fair for lowering by means of the girtlines, wipe 
the tennon dry, and tar both it and the step ; ** lower away," and step 
the mast. 

Some distance may be saved by using no garlands, and having the 
purchase blocks lashed to the mast.f The mast being stepped and 
wedged temporarily, ** come up " the purchases, man the guy and heel 
tackles, and transport the shears forward for taking in the mainmast. 

The object of taking in the mizenmast first is, because the breadth 
of beam is less aft than forward, and the heels of the shears being 
spread more as they go forward, the head lashing consequently becomes 

* The main-tackle must be brought nearly to the plumb of the mast-hole. 

f The rule in this case is to take the height of the rail to the position of the lower 
block, when the tackle is block and block, and lash the lower block to the mast along- 
side, at a less distance from the Jieel than from the block to the raU, and most be above 
the part that takes the combings. 
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tauter ; moreover, if the mizenmast was taken in last the bowsprit must 
be got in Jirsty and thus the advantage of securing the shears to the 
foremast-head when getting in the bowsprit would be lost. 

To TAKE m THE Main AND FoREMAST. — Procoed in the same manner 
as in getting in the mizenmast, rousing the shears forward with their 
shoes, by means of the heel tackles. It is better not to use garlands, 
when the shear legs are rather short, as lashing the purchase blocks 
to the mast shortens the distance. If the ship has a topgallant-fore- 
castle, it would be well to step the mast forward of the shear legs, for 
the brake of the forecastle comes abreast of the partners ; and in a case 
of this kind it would be well to take in the foremast first. 

To TAKE IN THE BowsPRiT. — Having stepped and secured the fore- 
mast, carry the forward guys aft and rake the shears over the bow ; 
toggle the lower block of the main-tackle to a garland lashed to the 
upper part of the bowsprit, inside of the centre. Put on the cap, and 
cany tackles or guys from the bowsprit-head to the cat-head, and dap 
on a heel-tackle or guy. Heave the bowsprit, and direct it by the small 
tackles and guys. 

If the ship has a topgallant-forecastle, the bowsprit cannot be taken 
in with the shears without the assistance of a derrick, on accoimt of the 
brake of the forecastle, it not being prudent to step shears on the top 
of it. 

Sending a Tkestle-tree aloft. — One girtline is used, the trestle- 
tree is slung with a span, so as to hang square, and to keep the girtline 
clear of the midship part which is to land on the hounds of the mast. 

When both trestle-trees are in their places, they are bolted together 
through the mast-head. (A rope is clove-hitched roimd the mast-head 
for the men to steady themselves with whilst working aloft.) 

To PLACE A Lower Cross-Tree. — One girtline is bent to the cross- 
tree on its own side, and is stopped to the opposite arm amidships. 
— " Sway away." When above the trestle-tree cut the upper stop, it 
will then hang square. The men aloft place and bolt it down to the 
trestle-trees. 

To get the Tops over the Mast-heads. — ^Place the top on deck 
abaft the mast ; get a girtline on each side of the mast-head, and pass 
the end of each under the top, through the holes in the after part ; 
clinch them to their own parts, and stop them to the fore part of the 
top with slip-stops. Have a g^y to the fore, and another to the after 
part of the top. Make the ends of a span fast to the after comers of 
the top, and bend a girtline from the mast-head to the bight of the span, 
and stop it to the forward part of the top. Sway away on the girtlines. 
When the fore part of the top is above the trestle-trees, cut the span- 
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stops ; and when the after part is above tliem, cast off tlie slip-stops. 
When the lubber-hole is high enough to clear the mast-head, haul on 
the forward guy, and let the top hang horizontally by the girtlines. 
Lower away, place, and bolt it. 

The tops may be got over without the span and girtline, by stopping 
the two girtlines first rove to the middle as well as to the fore part of 
the top, and cutting the upper stops first. The fore and main tops are 
sent up from abaft, and the mizen from forward. 

Rigging the Foue, Main, and Mizenmasts. — ^Before the trestle-trees 
are sent up, white-lead the mast-head in the wake of them ; overhaul 
down the girtlines, and bend on the ti^estle-trees, with the after chock 
out, " sway away ; " when above the bibbs, slip the stops so as to let 
them come down gradually into their places ; then the after chock is 
sent up, let in and bolted. Tar the mast-head in the way of the rigging ; 
overhaul again the girtlines for the bolsters, which are covered well 
with tarred canvas ; sway them aloft and stop them. The girtline 
blocks are now lashed to the after part of the trestle-trees. Next the 
shrouds are hoisted over the mast-head — the starboard forward shroud 
first; then the larboard; and so on, alternately, taking care that the seizing 
aloft bears in a parallel direction, between the two lower dead-eyes 
which the shrouds will be set up to. As each pair of shrouds are put 
over the mast-head, drive them down as close as possible ; the stay is 
now to be placed abaft, and below all. 

To Rig a Bowsprit. — Lash collars for the forestay, bobstays, and 
bowsprit shrouds, then for the spring stay, and put on the bees for the 
topmast stays ; fit the manropes, pass the gammoning, and set up bob- 
stays and shrouds. 

To SEND UP a Topmast. — Get the topmast alongside, with its head 
forward. Lash a top-block to the head of the lowermast ; reeve a mast- 
rope through it, from aft forward, and bring the end down through the 
trestle- trees and reeve it through the sheave-hole of the topmast, hitching 
it to its own part a little below the topmast-head, and stopping both 
parts to the mast at intervals. Snatch the rope, and sway away. As 
soon as the head is through the lower cap, cast off the" end of the mast- 
rope, letting the mast hang by the stops, and hitch it to the staple in 
the other end of the cap. Cast off the stops, and sway away. Point 
the head of the mast between the trestle-trees and through the hole in 
the lower cap, the round hole of which must be put over the square 
hole of the trestle- trees. Lash the cap to the mast, hoist away, and when 
high enough, lower a little and secure the cap to the lowermast-head. 
(This is when it cannot be put on by hand.) 

To SEND Topmast Oboss-tbees ttp. — If the cross-trees are heavy, they 
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maybe placed in the following manner: —Sway away until the topmast- 
head is a few feet above the lower cap. Send up the cross-trees by 
girtlines, and let the after part rest on the lower cap, and the forward 
part against the topmast. Lower away the topmast until the cross-trees 
fall into their place, and then hoist until they rest on the shoulders. 

Placing Topmast Rigging. — Tar the mast in the wake of the rigging, 
and clothe the bolsters as the lower ones ; then place the span for gin 
blocks. Some prefer chain spans to shackle the iron-bound block to. 
The most approved method is an iron plate with a hook on each end, 
which lays across the trestle-trees. Next put over the mast-head pen- 
dants ; then follow the strops with thimble in for standing part of the 
tyes. The shrouds are swayed up and placed over the topmast-head ; 
the first pair on the starboard forward, then the larboard, and so on 
with the other pairs. Backstays are hoisted and placed the same as 
shrouds ; stays are swayed up and lasljied abaft the topmast-head. 

To Cross a Lower Yard. — Bring it alongside with the opposite 
yard-arm forward, reeve the yard-rope through the jeer block of the 
mast-head, make it fast to the slings of the yard, and stop it out to the 
yard-arm. Sway away, and cast off the stops as the yard comes over 
the side, and get the yard across the bulwarks. Lower yards are rigged 
now with iron trusses and quarter- blocks, which would be fitted before 
rigging the yard. Seize on the clew-gamet-block, and put the rigging 
over the yard-arm ; first the stops for the head-earrings, then the foot- 
ropes, then the brace blocks or pennants, and last the eye of the lift. 
(The lifts, brace pennants, and foot-ropes are now spliced or hooked into 
rings with thimbles on an iron band, round the yard-arm next the 
shoulders. In this way, there is no rope of any kind round the yard- 
arm.) Reeve the lifts and braces, get two large tackles from the mast- 
head to the quarters of the yard, and sway away on them and on the 
lifts, bearing off and sluing the yard by means of guys. Secure the 
yard by the iron trusses, and haul taut lifts and braces. 

To Cross a Topsail- yard. — ^As topsail-yards now have chain-tyes, 
there are no tye-blocks to seize on. The quarter-blocks are first seized 
on, and the parral secured at one end, ready to be passed. A single 
parral has an eye on each end, and one end is passed under the yard 
and over, and the eye seized to the standing part, close to the yard. 
After the yard is crossed, the other end is passed round the mast, then 
round the yard, and seized in the same manner. To pass a double 
parral, proceed in the same manner, except that the seizings are passed 
so as to leave the eyes clear and above the standing part, and then take 
a short rope with an eye in each end, pass it round the mast, and seize 
the eyes to the eyes of the first long rope, 5^he parral is wormed, 
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aerved, and leathered. The parral being served at one end, put on the 
head-earring strops, the foot ropes, Flemish horses, and brace blocks. 
Bend the yard-rope to the slingps, stop it out to the yard-arm, and sway 
away until the yard is up and down ; then put on the upper lift in the 
top and the lower lift on deck, and reeve the braces. Sway away, cast 
off the stops, and take in upon the lower lift as the yard rises, till the 
yard is square ; then haul taut lifts and braces, and pass the parraL 

The Mizen Topsail- Yard is rigged nearly the same as the main and 
mizen ; but the brace blocks are on the foreside, and the Elemish horses 
generally spliced into bolts in the ends of the yards, with round thimbles 
in them. 

To C&oss A Topgallant- YARD. — Seize on the parral and quarter- 
blocks ; reeve the yard-rope through the sheave-hole of the topgallant- 
mast, make it fast to the slings of the yard, and stop it out to the upper 
end. Sway away, and when the upper yard-arm has reached the top- 
mast-head, put on the upper lift and brace ; sway away again, put on 
the lower lift and brace, cast off all the stops, settle the yard down 
square by lifts and braces, and pass the parral lashing. 

Joining Ship and Fitting Heb Out. — Suppose you join a ship 
having only her lowermasts and bowsprit standing — ^first, secure the 
bowsprit by means of the bobstays, gammoning, and shrouds ; next get 
the tops over the mast-head ; then tar and parcel the bolsters well, and 
place them ; then get the rigging over the mast-head in the order stated 
before ; set the rigging up, and stay it ; next, get the lower cap on, the 
topmast up, topmast cross-tree on, topmast rigging over, &c. 



ON MAKING AND TAKING IN SAIL. 



To Set a Coubse. — Loose the sail, and overhaul the buntlines and 
leech-lines. Let go the clew-garnets and overhaul them, and haul 
down on the sheets and tacks. If the ship is close-hauled, ease off the 
lee-brace, slack the weather lift and dew-garnet, and get the tack well 
down to the water ways. If it is blowing firesh, and the ship light 
handed, take it to the windlass. When the tack is well down, sharpen 
the yards up again by the brace, top it up well by the lift, haul aft the 
sheet, reeve and haul out the bowline. 

If the wind is quartering, the mainsail is carried with the weather- 
clue hauled up and the sheet taken aft. 

To Set a Topsail. — Loose the sail, and keep one hand in the top to 
overhaul the rigging. Overhaul well the bimtlines, clewlines^ and 
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reef-tackles ; let go the topgallant-sheets and topsail-braces, and haul 
home on the sheets. Merchant vessels usually hoist a little on the 
halyards, so as to clear the sail from the top ; then belay them, and 
get the lee-sheet chock home; then haul home the weather-sheet, 
s^^vering the sail by the braces to help it home, and hoist on the hal- 
yards imtil the leeches are well taut, taking a turn with the braces if 
the wind is fresh, and slacking them as the yard goes up. 

After the sail is set, it is sometimes necessary to get the sheets closer 
home. Slaxik the halyards, lee-brace, and weather-bowHne ; clap the 
watch-tackle upon the lee-sheet first, and then the weather one, 
shivering the sail by the braces, if necessary. Overhaul the clewlines 
and reef-tackles, slack the topgallant sheets, and hoist the sail up, taut 
leech, by the halyards. 

To Set a Topgallant-sail oe Royal. — Haul home the lee-sheet, 
having one hand alofb to overhaul the clewlines, then the weather- 
sheet, and hoist up, taut leech, by the halyards. While hauling the 
sheets home, if on the wind, brace up a little to shake the sail, take a 
turn with the weather-brace, and let go the lee one ; if before the wind, 
let go both braces ; and if the wind is quartering, the lee one. 

To Loose a Sail. — Lay out to the yard-arms and cast off the gaskets, 

beginning at the outermost and coming in.^ When the gaskets are 
cast off from both yard-arms, then let go the bimt gasket (and jigger, 

if there be one), and overhaul the buntlines and leechlines. 

Taking in a Course in a Gale of Wind. — Steady the yard as 
securely as possible, man the clew-garnets, buntlines, and leechlines ; 
ease off the sheet a little, let go the bowline, and ease away the tack ; 
haul up to windward, ease off the sheet, haul up, get the sail close to 
the yard and furl it. 

To Take in a Topsail in a Gale of Wind. — The yard being braced 
up, lower away handsomely on the halyard ; get the yard down by the 
clewlines and reef-tackles, rounding it on the weather-brace, and 
steadying the yard by both braces. Then let go the weather-sheet, and 
haul up to windward first. The weather-clew being up, let go the lee- 
sheet and haul up by the clewline and buntlines, keeping the clew in 
advance of the body of the sail. 

Sometimes, if the weather-brace cannot be well roimded in, as if a 
ship is weak-handed, the sail may be clewed up to leeward a little first 
— in which case, ease off the lee-sheet, and haul up on the clewline ; 
ease off the lee-brace and round the yard in, and when the lee-clew is 
about half up, ease off the weather-sheet and haul the weather-clew 

* ^If only one yard-arm is loosed at a time, let the lee one be loosed firs^. 

kk; 
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chock up. Haul the buntUnes np after the weaiher-clew, and steady 
the yard by the braces. There is danger in clewing up to leeward first, 
that the sail might be shaken and jerked so as to split, before the 
weather-dew is up ; whereas, if clewed up to windward first, the lee- 
dew will keep fiill, until the lee-sheet is started. v 

When coming to anchor, it is the best plan to haul the clews about 
half up before the halyards are let go. 

In taking in a dose-reefed topsail in a gale of wind, the most general 
practice is to dew up to windward, keeping the sail full ; then lower 
away the halyards and ease off the lee-sheet, dew the yard down, and 
haul up briskly on the lee-clewline and the buntlines, bracing to the 
wind the moment the lee-sheet is started. 

To Takb nr a Topgallant-sail ok Eoyal — ^BLOwnfo Fbesh. — ^If the 
wind is veiy firesh, and the vessel close-hauled, a good practice is to let 
go the lee-sheet and halyards, and clew down, rounding in at the same 
time on the weather brace. Then start the weather-sheet, and haul the 
weather-dew chock up. Haul up the buntlines, and steady the yard 
by the braces. 

To Take in a Topmast-sttjddingsail. — ^Ease off the sheet, lower 
away handsomely on the halyards, dewing the yard down to the outer- 
clew by the downhaul. Slack up the tack and lower away on the hal- 
yards, hauling down well on the sheet and downhaul, till the sail is in 
upon the forecastle. 

To Take in a LowEB-STUDDiNasAiL. — ^Let go the outhaul and trip 
the sail till the outer clew is up to the yard. Then lower away the 
outer-halyards, and haul in on the sheet and tripping-line. 

When the sail is in over the rail, lower away the inner-halyards. 

To Unbend a Coukse. — First furl the sail, then cast off the robands, 
and make the buntlines fast round the sail. Ease the earrings off 
together, and lower away by the bxmtlines and dew-garnets. At sea 
the lee-earring is cast off first, rousing in the lee body of the sail, and 
securing it by the earring to the buntiines. 

To Unbend a Topsail. — Clew it up, cast off the robands, secure the 
bimtlines roimd the sail, unhook the sheets, and unreeve the clewlines 
and reef- tackles, ease off the earrings, and lower by the buntlines. 

A Topgallant-Bail is unbent in the same manner, and sent down by 
the buntlines. A Boyal is ujsually sent down with the yard. 

When it is blowing fresh, and the topsail or course is reefed, to send it 
down you must cast off a few robands and reef points, and pass good 
stops aroimd the sail ; then secure the buntlines also round it, and cast 
off all the robands, reef-points, and reef-earrings. 

Veu^ a line to the iQe-head-earring, and let it ^ ; haul the sail well 
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up to windward and make fast the lee-earring to the buntlines. Get a 
hauling line to the deck, forward ; ease off the weather-earring, and 
lower away. 

To Eeef a Topsail. — Round in on the weather-brace, ease away the 
halyards, and clew the yard down. Point the yard to the wind, haul 
out the reef-tackles, and haul taut the buntlines. As soon as the men 
are off the yard, let go the gear ; man the halyards, let go the lee-brace, 
slack off the weather one, and hoist away. When well up, trim the 
yard by the braces and haul out the bowlines. 

BENDiNa A CouKSB IN BLOWING Weather. — Strctch the head of the 
sail across the deck as near as possible ; bend the gear, then bring the 
leeches of the sail as near where they wiU haul up on the yard as pos- 
sible ; then stop the sails well about every two or three feet ; besides 
the yard bimtlines, have one in midships of the sail. When ready, 
man all together, and run it up to the yard ; by this means the sail 
may be bent and furled with very little difficulty. 

Bending a Topsail in a Gale. — ^Reef it by the foot, which is done 
in the following manner : — Stretch the close-reef of any sail taut along 
the deck ; take the clews as near where they will haul up on the yard 
as possible ; brace the clews down clear to the foot of the sail, then haul 
taut the foot of the sail without moving the clews out of their places ; 
then gather the foot as near the close-reef as possible, then tie the reef 
round the foot, then the third reef, until all the reefs are expended round 
the foot of the sail ; minding to keep the reef-knots as near at hand as 
possible to be ready for casting off. By this means the sail may be 
bent without exposing more than one reef at a time until the dose- 
reefed sail is set. 

Note.*— A topsail might be sent up by the buntliiie and weather-clewline. 
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Tacking. — If the mainsail be hauled before the wind comes ahead, the 
mainyaxd will fly round of itself; but if it be not hauled until the wind 
comes ahead, or on the other bow, it wiU occasion a very dead haul. 

If she falls off too rapidly while swinging your head-yards, so as to 
bring the wind abeam or abaft, ' Fast Iracing I Ease off head-sheets, 
and put your helm a-lee ; and as she comes up, meet her and brace 
sharp up. If, on the other hand (as sometimes happens with vessels 
which cany a strong weather helm), she does not fisdl off after the after 
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sails take, be careful not to haul your head-yards until she is fully 
round ; and if she should fly up in the wind, let go the main-sheet, and, 
if necessary, brail up the spanker and shiver the cross-jack yards. 
In staying, be careful to right your helm before she loses head- way. 
To Tack without Foke-keaching. — ^As in a narrow channel, when 
you are a&aid to keep your head- way. If she comes slowly up to wind- 
ward, haul down the jib and get your spanker-boom well over to wind- 
ward. As you raise tacks and sheets, let go the lee-foretopsail-brace, 
being careful to brace up again as soon as she takes aback. Also, hoist 
the jib, and trim down, if necessary, as soon as she takes on the other 
side. 

Tacking against a Heavy Head-sea. — ^You are under short sail, 
there is a heavy head-sea, and you doubt whether she will stay against 
it. Haul down the foretopmast-staysail, ease down the helm, and raise 
fore-sheet. "When within a point of the wind's eye, let go main-tar^k 
and sheet, lee-braces and after bowlines, and Mainsail haul ! If she 
loses her head- way at this time, shift your helm. As soon as she brings 
the wind on the other bow, she will fall off rapidly by reason of her 
stem- way, therefore shift your helm again to meet her, and Let go and, 
haul! at once. Brace about the head-yards, but keep the weather braces 
in, to moderate her falling off. When she gets head- way, right the 
helm ; and as she comes up to the wind, brace up and haul aft. 

To Tbim the Yards when Close-hauled. — In smooth water, with a 
light breeze, brace the lower yards sharp up, and trim the upper yeurds 
each a trifle in abaft the one below it. If you have a pretty stiff breeze, 
brace the topsail-yard in about half a point more than the lower yard, 
and the topgaUant-yard half a point more than the topsail-yard, and so 
on. If you have a strong breeze and a topping sea, and especially if 
reduced to short sail, brace in your lower yards a little, and the others 
proportionally. 

This wiU prevent the vessel going off bodily to leeward ; and if she 
labours heavily, the play of the mast would otherwise carry away the 
braces and sheets, or spring the yards. 

Missing Stays. — ^If, after getting head to the wind, she comes to a 
stand and begins to fall off before you have hauled your main-yard, 
flatten in your jib-sheets, board fore-tack, and haul aft fore-sheet ; also 
ease off spanker-sheet, or brail up the spanker, if necessary. When 
she is full again, trim the jib and spanker-sheets ; and when she has 
recovered sufficient head- way, try it again. If, after coining head to 
the wind, and after the after yards are swung, she loses head- way and 
refuses to go round, or begins to fall off on the same tack on which she 
was before, and you have shifted the. helm without effect, haul up 1]ie 
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mainsail and spanker, square the after yards, sliifb your helm again 
a-lee, so as to assist her in falling off, and brace round the head yards 
so as to box her off. As she fills on her former tack, brace up the after 
yards, brace round the head yards, sharp up all, board tacks, haul out 
and haul aft. 

To Wear a Ship. — Haul up the mainsail and spanker, put the helm 
up, and as she goes off, brace in the after yards. If there is a light 
breeze, the rule is to keep the mizentopsail lifting, and the maintopsail 
full. This will keep sufficient head- way on her, and at the same time 
enable her to fall off. But if you have a good breeze, and she goes off 
fast, keep both the main and mizentopsails lifting. As she goes round, 
bringing the wind on her quarter and aft, follow the wind with your 
after yards, keeping the mizentopsail lifting, and the main either lifting 
or full, as is best. After a vessel has fallen off much, the less head- way 
she has the better, provided she has enough to give her steerage. "When 
you have the wind aft, raise fore-tack and sheet, square in the head- 
yards, and haul down the jib. As the wind comes upon the other quarter, 
brace sharp up the after yards, haul aft the mizen and mizenstaysail- 
sheets, and set the mainsail. As she comes to on the other tack, brace 
up the head-yards, keeping the sails full, board fore-tack and aft the 
sheet, hoist the jib, and meet her with the helm. 

To Wear under Courses. — Square the cross-jack yards, and haid 
up the mainsail. Square the main-yards and put the helm a- weather. 
As she falls off, let go the fore-bowline, ease off the fore-sheet, and brace 
in the fore-yard. When she gets before the wind, board the fore and 
main-tacks on the other side, and haul aft the main-sheet, but keep the 
weather-braces in. As she comes to on the other side, ease the helm 
amidships, trim tack and fore-sheet, brace up and haul out bowlines. 

To Wear under a Mainsail. — ^Vessels lying-to xmder this sail 
generally wear by hoisting the foretopmast-staysail, or some other head 
sail. If this cannot be done, brace the cross-jack yards to the wind, 
and, if necessary, send down the mizentopmast and the cross-jack yard. 
Brace the head-yards full. Take an opportunity when she has head- 
way, and will fall off, to put the helm up. Ease off the main-sheet, 
and as she falls off, brace in the main-yard a little. When the wind 
is abaft the beam, raise the main-tack. When she is dead before it, 
get the other main-tack down as far as possible ; and when she has 
the wind on the other quarter, ease the helm, haul aft the sheet, and 
brace up. 

To Wear under Bare Poles. — To assist the vessel, veer a good scope 
of hawser out of the lee-quarter, with a buoy, or something for a stop- 
water attached to the end. As th^ ship sags off to leeward, the buoy 
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"will be to windward, and will tend to bring the stem round to the wind. 
When she is before it, haul the hawser aboard. 

If the vessel will not go off, it will be necessary, as a last resort, to 
cut away the mizenmast, veer away the hawser, and use the mizentop- 
mast as a drag to assist in wearing. 

To Weab a Ship tinder Close-reefed Matntopsail Aim Storm- 
staysail. — Have lifts, trusses, and rolling tackles attended, so that the 
yard and topmast may be well supported in the heavy rolling they are 
likely to experience. Haul down the mizen-storm-staysail, and when 
she falls off, up helm ; ease off the main-storm- staysail sheet, and brace 
in the main and cross-jack yards, at the same time taking care to keep 
the maintopsail full, to preserve the head-way, and to keep her ahead 
of the sea ; also to keep it from splitting. When the wind is on the 
quarter, haul down the main-storm-staysail, and shift over the sheet ; 
when before the wind, right the helm, and square the head-yards ; shift 
over the fore-storm-staysail sheet ; watch for a smooth time to bring- 
her-to ; then ease down the helm, hoist the mizen-storm-staysail, and 
when the wind is on the quarter, brace up the head-yards, hoist the 
main-storm-staysail, haul aft the fore-storm-staysail sheet, meet her 
with the helm, trim the sails, and haul the maintop-bowHne. 

Box-HAULiNa A Ship. — Put the helm down, light up the head-sheets 
and slack the lee-braces, to deaden her way. As she comes to the wind, 
raise tacks and sheets, and haul up the mainsail and spanker. As soon 
as she comes head to the wind and loses her head- way, square the after 
yards, brace the head-yards sharp aback, and flatten in the head-sheets. 
The helm being put down to bring her up, will now pay her off as she 
has stern-way on. As she goes off, keep the after sails lifting, and square 
in the head-yards. As soon as the sails on the foremast give her head- 
way, shift the helm. When she gets the wind on the other quarter, 
haul down the jib, haul out the spanker, set the mainsail, and brace the 
after yards sharp up. As she comes to on the other tack, brace up the 
head yards, meet her with the helm, and set the jib. 

Club-hauling a Ship. — ^This method of going about is resorted to 
when on a lee-shore, and it is expected a ship will miss stays. Oock-biU 
your lee-anchor, get a hawser on it for a spring, and lead it to the lee- 
quarter ; range your cable, and unshackle it abaft the windlass. Sehn'S' 
a-lee ! and B4ii%e tacks and sheets / as for going in stays. The moment 
she loses head-way, let go the anchor, and Mainsail haul ! As soon as 
the anchor brings her head to the wind, let the chain cable go, holding 
on to the spring ; and when the after sails take full, cast off or cut the 
spring, and Let go and haul ! 

On a Les-8hobe, kot room to Yeer or Stay-^No Ano&oaa0S— Pot 
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the helm a-Iee, and when she comes head to wind, let go tacks and 
sheets, and haul them all aback ; get in the lee-tacks, so that the vessel 
may pay short round on her heel, and when the mainsail shivers, haul 
it up ; when she gathers head- way, shift the helm, and when the wind 
is on the quarter, shift the spanker, mainsail, &c., and bring her close 
to the wind. 



GALES OF WIND, LYING-TO, ETC. 



Lyino-to. — It is generally thought that the best single sail to lie-to 
imder is a close-reefed maintopsail. The fore or the main-spencer, 
which sails are now very much used instead of main and mizen-staysails, 
may be used to advantage, according as a ship requires sail more before 
or abaft the centre of gravity. If a ship wiU bear more than one sail, 
it is deemed best to separate the pressure. Then set the fore and main- 
spencers ; or, should she carry staysails instead, the main and mizen- 
staysails ; or, if she is easier under lofty sail, the fore and maintopsails 
dose-reefed. A close-reefed maintopsail, with three lower storm-stay- 
sails ; or with the two spencers, foretopmast-staysail, and reefed spanker, 
is considered a good arrangement for lying-to. If the foretopmast- 
staysail, and balance-reefed spanker can be added to the two dose-reefed 
topsails, she will keep some way, will go less to leeward, and can be 
easily wore round. Close-reefed topsails are used much more now for 
lying-to than the courses. As ships are now built with the centre of 
gravity further forward, and the foremast stepped more aft, they will 
lie-to under head sail better than formerly. Some vessels, which are 
well down by the stern, will lie-to under a reefed foresail, as this tends 
to press her down forward ; whereas, if she had much after sail, she 
would have all the lateral resistemce of the water aft, and would come 
up to the wind. In carrying most head or after sail, you must be de- 
termined by the trim of the vessel, her tendency to come to or go off, 
and as to whether the sail you use will act as a lifting or a burying sail. 

A topsail has an advantage over a spencer or lower-staysail for lying- 
to, since it steadies the ship better, and counteracts the heavy roll which 
a vessel will give under low and smaU fore-and-aft sails. 

Scudding. — ^When scudding in a heavy gale of wind, care should be 
taken that sufficient of lofty sail should be carried on the vessel to keep 
her freely and fairly he/ore the sea. A ship will scud better with the sea 
right aft than quartering. With a heavy sea, the danger to be appre- 
ll^ended is, that the wave^ travelling faster than the shipi may overtake 
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and break over her. For scudding, the most approved sail seems to bo 
the close-reefed maintopsail, with a reefed foresail. The course alone 
might get becalmed under the lee of a high sea, £uid the vessel losing 
her way, would be overtaken by the sea from aft ; whereas the topsail 
will always give her way enough and lift her. The foresail is of use in 
case she should be brought by the lee. It has been recommended that 
the foretopmast-staysail or fore-storm-staysail should always be set in 
scudding, to pay her off if she should broach-to, and with the sheets 
hauled flat aft. 

With the wind quartering and a heavy sea, it is deemed that a vessel 
is more under command with a close-reefed foretopsail and maintopmast- 
staysail. The foretopmast-staysail may also be hoisted. If the ship 
flies off and gets by the lee, the foretopsail is soon braced about, and, 
with the maintopmast-staysail-sheet shifted to the other side, the head- 
way is not lost. 

Scudding — Beoaches-to. — This is when a vessel is scudding, and 
comes up into the wind and gets aback. For such an accident the fore- 
topmast-staysail is set, which will act as an off-sail, so that by keeping 
the helm up, with the maintopsail (if set) braced into the wind, she will 
pay off again without getting stem- way. If the close-reefed foretopsail 
is carried instead of the main, it can be easily flUed. 

Scudding — Brought by the Lee. — This is when a vessel is scudding 
with the wind quartering, and falls off so as to bring the wind on the 
other side, laying the sails aback. This is more likely to occur than 
broaching-to, especially in a heavy sea. Suppose the vessel to be scud- 
ding imder a close-reefed maintopsail and reefed-foresail, with the wind 
on her larboard quarter. She falls off suddenly and brings the wind on 
the starboard quarter, laying aU aback. Hard a-starboard your helm, 
raise fore-tack and sheet, and All the foresail, shivering the maintopsail. 
When she brings the wind aft again, meet her with the helm, and trim 
the yards for her course. 

On Eounding-to in a Gale. — An experienced seaman remarks, that 
when he wished to bring-to in a hard gale, when running before a heavy 
sea, he always watched for a heavy sea breaking abaft the main chains, 
and immediately after he eased the helm down, and rounded-to at once, 
having previously prepared for doing so. In managing this way he 
found he could avoid shipping a sea. 

Taken Aback. — It will frequently happen, when sailing close-hauled, 
especially in light winds, from a 3hift wind, from it dying away, or from 
inattention, that the ship will come up into the wind, shaking the square 
sails forward. In this case it will often be suflicient to put the helm 
hard up, flatten in the head-sheets, or haul their bights to windward, 



OK 8HIP8 AT SINGLE ANOHOB. 2^7 

and haul up the spanker. If this will not recover her, and she continues 
to come to, box her off. Baise fore-tack and sheet, haul up the span- 
ker and mainsail, brace the head-yards aback, haul the jib-sheets to 
windward, and haul out the lee-bowlines. When the alter sails fill. 
Let go and haul I This manoeuvre of boxing can only be performed in 
good weather and light winds, as it usually gives a vessel stem-way. 

If the wind has got roimd upon the other bow, and it is too late for 
box-hauling, square the yards fore-and-aft, keeping your helm so as to 
pay her off under stern- way : and, as the sails fill, keep the after yards 
shaking, and haul up the spanker and mainsail, squaring the head-yards 
and shifting your helm as she gathers head-way. 

Suppose that, instead of coming-to, you ai'e taken aback in light 
winds. Put the helm up if she has head-way, haul up the mainsail 
and spemker, and square the after yards. Shift the helm as she gathers 
stem-way; and when the after sails fill and she gathers head-way, 
shift the helm again. When she brings the wind aft, brace up the after 
yards, get the main-tack down and sheet aft, and haul out the spanker 
as soon as it will take. The head braces are not touched, but the yards 
remain braced as before.* 



ON THE MANAGEMENT OF SHIPS AT 

SINGLE ANCHORf 



Anchor Turning in the Ground. — ^In order to insure the certainty of 
an anchor turning in the ground with the tending or swinging of the 
ship, it is recommended (whenever it is possible to resort to this practi(?e) 
to shoot the ship on the same side of her anchor, at each change of tide ; 
for if the anchor should not tiu*n in the ground, the cable will get foul, 
either about the stock or upper fluke, and trip it out of the ground. 

To Tend to a Weather Tide. — ^Let it be supposed that a ship is 
riding at single anchor, upon a lee tide, with the wind in the same 
direction as the tide, and that it be required, upon the tide setting to 
windward,' to tend the ship clear of her anchor. To effect this, as soon 
as the ship begins to feel the turn of the weather tide, and that the 
vessel brings the wind broad on the weather-bow, the head sails should 

* The former mode of wearing by squaring the head-yards, when the after-yards 
are full, has a great advantage over the latter method, as the vessel will go off liaster 
when the wind is abeam and abaft, and will come-to quicker when the wind gets on 
the other side. 

t See The Anchor Watch, an admirable little book on this subject, published by 
J. D. Potter, 31, Poultry, London. 

XiL 
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be hoisted, and the lee sheets hauled aft, in order to shoot the ship from 
her anchor, on a taut cable. The helm must be put ^' a-lee," and kept 
in that position until the tide sets the ship over to windward of her 
cable, and the buoy appears on the same side with the helm. If ^m 
light winds the buoy bears nearly abeam, her head sails may be hauled 
down ; but if the breeze be strong, and it causes the ship to shoot in a 
direction nearly end-on with that of the cable, bringing the buoy on 
her quarter, it will be necessary to keep the foretopmast-staysail set; in 
order to check the vessel, should she be disposed to break her shear 
against the action of her helm, or be inclined to drop to windward and 
" go over " her anchor, in a broadside or lateral direction. 

To Keep the Hawse Clear when Mooeed.— When it is nearly 
slack water, cant her with the helm the right way, and, if necessary, 
make use of jib, spanker, and yards. 

To Tend to Windward. — ^When the tide slacks, shear her with the 
helm, run up the jib and foretopmast-staysaiL, with weather-sheets afb ; 
when canted the right way, the lee-sheets may be hauled aft, and the 
yards filled, thus setting her abreast to a taut cable ; when the buoy is 
on the lee-quarter, brace the head-yards to the wind, and fill the after 
ones ; when the tide swings her head round so as to shake the sails, 
haul down and stow them. 

To Tend to Leeward. — ^As the tide slackens, shear her to the same 
side of the buoy on which she came to windward, and fill the yards, 
which will set her end-on over the cable ; she will now, by the effect 
of the wind, bring her stem over the cable, and bring the buoy on the 
weather-quarter; put the helm **a-weather," and she will shoot ahead, 
tautening the cable by shearing her head from the wind. When the 
wind gets a little aft the beam, hoist the jib to prevent the cable from 
drawing her head to wind. 

Let her lie in this position until she falls off ; when the head sails 
shake, haul down and stow them. 

To Break the Shear. — ^When tending to the tide, and the ship 
comes over her anchor, she may break her shear by canting her stem 
the wrong way ; when this is the case put the helm ** a-weather," run 
the jib up, fill the head-yards, and the after-yards kept to. Every- 
thing is now arranged to bring her round again, when she must be 
managed as before mentioned. 

Note. — In Taylor's instructions for the management of ships at single anchor, 
which are imiversally read by mariners, it is recommended " always to shear a ship 
to windward, for if the wind is blowing across the tide, or nearly so, the cable is 
eased of a great part of the strain by keeping the helm a few spokes down ; but it 
must not be supposed that a ship should be kept always to windward of the anchor, 
for it is impossible to do so except In a very deep ship, and during the strength of the 
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tide. On the contrary, a ship should, as long as it is practicable, he kept to leeward 
of her anchor. If when blowing hard, she has been kept to windward during the 
strength of the tide, she should be sheared to leeward as soon as it slackens. In bad 
holding ground the shear should be against the rise of the ground, without reference 
to the wind, as long as the tide runs with any strength. If on the weather tide — that 
is, with the wind against the tide, or on the ship's quarter ^she forges ahead and 
brings the buoy on the weather quarter, she is safe enough as long as it can be kept 
there ; but the danger of this position is, in case the wind freshens, her head may fly 
off from the wind, bringing it on the other quarter, and, in consequence, make a long 
and dangerous sweep to leeward : therefore, the foretopmast-ataysail must not be set 
too soon — and if the yards have been pointed to the wind, the after yards should be 
braced round and kept full, so that if the wind does come upon the other quarter, 
they may be pointed. 

" Sometimes a laden ship wiU not keep in this position without frequently breaking 
her shear, and it is in this case that tending to windward becomes necessary — a very 
troublesome manoeuvre, and one where it is always requisite to have more canvas 
than the foretopmast-staysail. If, when the buoy is on the weather quarter, a suffi- 
cient strain has been on the cable to Warrant the supposition that the anchor has been 
slued to leeward, she can be set to windward with the yards and staysails, without 
coming again astream of the anchor ; but if the chain has not been very taut, it is 
always better to watch a lull, and set her to windward when astream of it. If this 
cannot be done, and she still keeps ahead of the chain, she may be set to windward ; 
but while there, care must be taken that she does not drop astream of it, and when 
the lee tide makes, she should at first get a broad shear to leeward to insure the anchor 
being drawn properly round, and afterwards sheared to windward if necessary. 

" 6, while riding on the weather tide and sheared to windward, she forges ahead 
and brings the buoy on the lee quarter, sufficient canvas must be kept set to keep her 
ahead of the buoy, lest by dropping astream and falling to leeward the bight of the 
chain be thrown round the upper fluke of the anchor. In light winds and slack tides 
the anchor is not drawn round at all ; therefore, care must be taken to swing the 
vessel always on the same side of it, so that if, while riding on the weather tide, she 
was sheared and tended to windward, it becomes necessary to tend her again to wind- 
ward when the lee tide ceases — a thing that is very difficult to do ; if the wind is mudi 
across, she must be shot across the tide to windward with the main and foretopmast- 
staysails, assisted by the jib and other fore-and-aft canvas if necessary, and kept 
there tiU the weather tide makes. Except in light winds, it is not always prudent 
to sight the anchor very often ; for in some places it is a chance whether or not it will 
take hold again, so that all attention should be paid to the tending or swinging." — 
The Mate and his DntieSf pp. 25 — 26. 
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Getting Undeb Way from a Single Anchor. — See all ready forward 
for getting under way ; the rigging fair for making sail, the cat and 

♦ The old fashion of mooring ships with an anchor on either side — that is to say, 
supposing the prevailing wind north, the anchors should he laid east and west — has 
long been exploded. It has been shown that the combined strength of two cables so 
placed is equal only to one-sixth of a single chain laid in the direction of the wind. 
See An Enquiry relative to various Important Points of Seamanship^ by Nichokis Tin- 
mouth! The reader is strongly recommended to a perusal of Mr. Tinmouth's work, 
being a scientific inquiry into subjects with which it should be the object of every 
officer to make himself acquainted, but which few have the opportunity of practically 
investigating in the ordinary course of the merchant service. 
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fish, tackles rove, and the fish davit at hand. Heave short on your chain, 
and pawl the windlass. Loose all the sails if the wind is light, and 
sheet home and hoist up topsaUs, topgallantsails, and royals. If there 
is a stiff breeze, set topsails alone, whole or reefed. You should always, 
if it will answer, cast on the opposite side from your anchor ; that is, if 
you are riding by your starboard anchor, cast to port. Brace your 
head-yards aback and your after yards full, for the tack you mean to 
cast upon. The sails being set, man the windlass again, give her a 
shear with the helm, and trip your anchor. As soon as your anchor is 
aweigh, hoist the jib. The foretopsail aback wiU pay her head off. 
Put the helm for stem-board. When her head is off enough, fill away 
the head-yards and haul out the spanker, shifting the helm for head 
way. Trim the yards for your course, and make sail on her. If the 
wind is light and the sea smooth, you may cat and fish your anchor 
after you get under way ; but it is best in. a rough sea to keep the ves- 
sel hove-to until the anchor is catted and fished. 

To MAKE SURE OF CASTING THE Ship THE EIGHT WAY. — ^From Unfore- 
seen changes of wind and weather, it becomes unsafe to remain at anchor, 
and doubts are entertained of the ship casting the right way, the ship 
should be cast by means of a spring, apd the cable slipped — to effect 
which, the stream cable or a good hawser should be got out of the 
quarter, and bent to the riding cable outside the hawse-pipe on the 
opposite side, and hove taut, but kept clear for letting go and running. 
Veer away the riding cable, having previously unshackled it ; and when 
the ship has been sufB.ciently canted for the sails to act, and she begins 
to draw ahead, slip, or cut if necessary, the slipped part of the bower 
chain having been previously buoyed. 

CoMiNG-TO IN A TiDE-WAY. — K a ship be running over a weather-tide, 
with the wind on her port quarter, and it be required to ride to leeward, 
it is plain that the port anchor will be most serviceable, as the chain 
will not cross the cut- water or touch the copper in bringing up. If the 
wind be so strong that she will stem the tide after the sails are clewed 
up, she will not lay astream of her anchor. To round her in the ordi- 
nary manner would not stop her way, until the anchor be let go, in 
which case, before she could get away fii^om it, in all probability there 
would be a sufficient quantity of the cable paid upon the top of it to 
insure its coming up upside down ; the helm, therefore, must be put 
hard up when the anchor is let go, and if the tide be weak, the port- 
staysail- sheet hauled aft, when she will shear away from her anchor, 
and drop as nearly astream of it as the strength of the tide wOl permit. 
The helm, of course, must be afterwards eased, that she may not have 
too broad a shear. 
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If, with the like wind, it be required to ride to windward, the star- 
board anchor will be best. Furl all the sqnare-sails, and come-to with 
only fore-and-aft sails set. Put the helm down, and keeping the stay- 
sails set after the anchor is gone Avill shear the ship to windward, the 
strength of the wind and tide determining how much canvas is requisite 
for the purpose — more, of course, in light winds and neap tide than 
when both are stronger — the staysails also requiring to be kept set if 
she will not keep a taut cable without them. 

In coming-to upon a strong lee-tide with a fresh breeze, where there 
is a risk of snapping the chain or endangering the windlass by round- 
ing-to, and bringing her up with stem way, the jerk may be very con- 
siderably eased by wearing round and putting the helm up when the 
anchor is let go. By these means a good scope of chain is laid in the 
mud, through which she must drag it before she can bring much strain 
on the vrindlass, and considerably ease the surges consequent upon 
bringing up when astream of the anchor with much stem- way. 

BmiKG AT Anchor in a Gale of "Wind. — ^Vessels when riding in 
a roadstead in a gale frequently have their windlasses torn tp pieces 
through the chain tightening and then slackening, as the vessel is 
drawn ahead or drops astern. The following plan has strong recom- 
mendations, as affording support to the windlass : — ^JReeve a good luff- 
tackle, and hook the single blook on to the chain close to the windlass 
on the fore part, the double block being hooked to a toggle in the 
hawse-pipe, and hove well taut. Another tackle is then put on the 
chain abaft the windlass, and hove taut also. The one tackle acting 
against the other will keep the chain always tight roimd the windlass, 
and consequently prevent the great surging so trying to a windlass and 
a ship. 

Keeping Watch. — The officer, when relieved, should point out to 
his successor the bearings of lights or any objects in view, give him the 
soundings alongside, the time at which the ship is expected to swing if 
in a tide-way, how the cable grows, as well as any order or direction 
that may be passed as to tending the ship. The deep-sea lead should 
be kept over the side, and the soundings tried frequently, and the bear- 
ings of the lights or other objects taken repeatedly. He should enter 
in the night order-book, as well as on the log-slate, the bearing of the 
different lights and soundings when he leaves the deck, signing his 
name to the same at the time ; and he who relieves him should see that 
these entries agree with his own observation. He should look at the 
cable occasionally, and see how it grows, and also see that the spare 
anchor is ready for letting go, and chain clear for rimning. 

Believinq the Watch at Sea. — Having received the course, sail 
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set, account of weather, and orders for the night relative to reports or 
calling the captain, see that the quartermasters, in relieving each other, 
do not give up the wheel until the ship is steady on her course ; that 
the wheel ropes are clear ; and, if running before a gale, that the re- 
lieving tackles are hooked, and sufficiently overhauled to allow the helm 
going hard over either way — taking care that the blocks of the relieving 
tackles are placed so as not to be jammed under the tiller ; that the 
life-buoys are clear for letting go, and boat's falls ready. 



ON TAKING IN HEAVY WEIGHTS. 



A Debrioe. — A derrick is a single spar rounded off at the heel to set in 

a shoe (similar to a shear-leg) ; the upper end is made with shoulders 

or cleats, to stop the purchase-blocks from working down, also the guys. 

The derrick may be used for many purposes instead of shears to great 

advantage, especially on board of merchant ships when discharging, it 

being so easily swung from a perpendicular position to rake over the 
ship's side, the heel resting in its shoe, and the head canted in any 

position by the guys. Any kind of a purchase may be used at a derrick- 
head, but the most general is the single and double burton. 

On the subject of providing means. — Few ships go to sea without a 
spare topmast, or a spar to make one, which spar is in every way cal- 
culated for a derrick, if it will make a topmast. The rigging — that is 
the various guys and ropes necessary to sustain it in its position, and 
the purchase-blocks for lifting the weight — ^may be secured to the spar 
any height above the deck to suit the particular purpose in hand, with- 
out either cutting the spar, or nailing on cleats; as, by a well-managed 
arrangement of lashings, all slipping or shifting of position may cer- 
tainly be prevented. It is necessary to observe, as a general rule, that 
in supporting a yard, or derrick, or shears, the supporting guys should 
be attached to the yard or spar at the spot from which the weight is to 
be suspended.* 

♦ " By examining the merits and character of a derrick, it will, no doubt, be found 
to possess advantages so numerous and valuable as to render it superior in every 
respect to a lower yard for the purpose of lifting a heavy weight. The main and 
principal advantages are, that it ^ansfers the whole weight to the deck, which can be 
well supported by props below ; it relieves all anxiety about the safety of the mast 
and yard ; and it can be placed vertically, or at any angle most suitable to a particular 
case. It can be supported without any difficulty, either with or without the aid of a 
mast ; it is very soon rigged and ready for use, and as quickly dismantled. These 
advantages are sufficiently numerous to recommend it for general use in all cases 
where strength is required." — An Enquiry relative to variom Important Points of Sea- 
Duinship, by Nicholas Tinmoath, Master Attendant, Woolwich Dockyard. 
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NoTE.~The more a derrick approaches a perpendicular position, the less wiU be 
the strain upon the guys. 

Sbcurinq Lower Yards.* — ^In hoisting in or out heavy weights by 
the lower yards, the more you consider them merely as outriggers, the 
better you will insure their safety. In whatever manner you guy your 
purchases out to the yard-arms, whether by blocks, thimbles, or lashings, 
be careful that the purchase pendants render well through them. The 
yards should be weU topped up, good rolling tackles on the opposite 
side, and trusses well taut after the yards are laid ; but should the yards 
be required for a continuance — as the main-yard is in hoisting in or out 
heavy guns — the pendant should then go over the lower cap and down 
on the opposite side of the deck, and be there well lashed to the top 
tackle bolt. The yard and masts should be covered with canvas suffi- 
ciently for cross-lashing the main-yard to the mast, after it is top up. 
It would be still advisable to have good roUing or yard tackle on the 
opposite side to the purchase. 

To Get Heavy Machinery in or out. — Protect the side and decks 
with planks, and shore the beams weU up in the between decks. If 
the machinery is hdavy, the best plan is to cant the main-yard a little ; 
imtruss it, and pass a strong lashing round the main-yard and mast ; 
then have a spare spar, with a piece of plank under the heel, for a 
shore from, the deck, lashed to the yard, about a foot inside where the 
yard tackle comes. Over the main hatchway rig a pair of shears, 
securing them with guys to the fore and mainmast-heads, and putting 
planks under their heels, which should be on the beam before the main 
hatchway. According to the size of the shears and strength of pur- 
chase, almost any weight may be lifted out in this manner ; £uid it is 
recommended, when getting heavy machinery in or out, to use the yard 
tackle over the hatchway as well as the other in case of accident ; and 
in lowering over the side, use the tackle on the shears to lower with, 
as weU as the yard tackle. 



ACCIDENTS. 



The Bowsprit Sprung. — Fish it with spare spars, and send down the 
fore-topgallant and royal-mast, and take the flying jib-boom in, to ease 
it as much as possible. 

Bowsprit Carried Away. — Hard up the helm, shiver the after yards, 
and get the ship before the wind ; take the foretopmast breast back- 

* From Professional JRecolleciions, by Captain liadert, B Jf « 
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Btajs forward over the topsail-yards, hook the pei^dant-tackles and sefc 
them up to the cat-heads, clap a tackle on to the forestay and set it up 
to the knight-heads ; unreeve the maintopmast and spring-stays and 
set them up to the foretopsail-sheet bits ; hitch a hawser to the fore* 
topmast-head, take this in through one of the hawse-holes and set it up 
to the bitts of the windlass. While this is being done, reduce the saily 
send down topgallant-yards and masts if they are aloft, and clear the 
wreck ; rig a jury-bowsprit of a spare main-topmast, or a jib-boom. 

The Cap on the Mast-head Worked Loose. — ^Make wedges and 
wedge it tight again ; if this cannot be done, put a good lashing round 
tlie topmast and mast-head. 

The Trestle-trees Carried Awat. — Beeve as stout a rope as the 
sheave-hole will permit through it, splice a thimble in both ends, and 
set it up as tight as possible to the eye-bolts in the cap, or to the cap 
itself. 

Main- YARD Sprung in the Slings. — Take a couple of studdingsail- 
booms and cut each of them in two halves, leng^ways ; put these four 
halves roimd the yard and fish it. 

The Parral of Topgallant- yard Carried Away. — ^In such a case, 
much of the whole force and weight of the yard and sail are thrown on 
the mast-head, and the topgaUant-mast is endangered by it. If the 
ship is by the wind, brace the topgallant-saiL aback immediately, and 
lower it at the same time ; but if before the wind, immediately brace 
by and lower the topgallant-yard. Great care must be taken that the 
topgallant-sheets are not started, as that would much endanger the 
mast by the sail forcing itself against, and perhaps entangling itself 
round, the topgallant-stay. 

Parral of the Maintopsail-yard Carried Away. — ^A topsail-yard 
parral may be repaired in the same manner, if carried away in mode- 
rate weather ; but if blowing hai-d, with double or close-reefed topsails, 
the returning weight of the topsail-yard, and force of the sail when 
thrown aback, might endanger the mast, yard, or lee-topmast rigging ; 
as however taut the weather topsail-brace may be when the parral is 
carried away, and the ship by the wind, the yard will surge over to 
leeward, and thereby allow the yard to swing far from the mast. In 
such a case, instantly man the down-haul tackle and weather clewline, 
and haul the yard down until the lifts are taut, so that the yard might 
then be squared, and the parral repaired. 

Note. — Tho following is recommended by an excellent seaman :-— In either case, 
first spill the sail, without its flapping ; unbend the clewlines from the clews : if top- 
gallant-sail, make the ends fast on the after trestle-trees ; if a topsail, lash the clew- 
line blocks on the after part of the topmast cap crobsed ; dew down the yard (wiUi 
help of braces) ; secure the yard parral afresh. 
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Thb "Weather Maintopsail-braob Given Way — "Rovr to Get thb 
Yard Down. — Ease the lee-sheet, to spill the sail ; luff the ship to the 
wind, and lower away the halyards. 

The Lower-brace Carried Away. — ^Lower the topsail, letting fly 
the lee-sheet, and hauling in the weather-braces, if needful ; ease off 
the sheet of the course (short of spilling the sail), and let go the tack ; 
for the first important duty is to save the yard.* If this accident oc- 
curs forward, have the weather-helm attended to. 

TopsAEL-BRACB AND Parral Oarried Away. — If the weather-brace 
should be carried away when the parral goes, and the weather yard- 
arm flies far forward, it will then be advisable to put the helm up, and 
bring the wind on the opposite quarter, keeping the yards braced up, 
as before, on the mast to which the accident has happened (see Carrying 
Away Topsail-parral) ; and steer the ship so as to let the wind blow 
along the sail of the disabled yard, until it gently returns to the mast. 
When done, lash the yard on each quarter to the topsail rigging, and 
the topsail tye-blocks well round the mast ; then fit the weather-brace 
and parral. 

Note. — Too much care cannot be taken in keeping &st the topsail sheets, as upon 
that will depend much of the safety of the mast, yard, and rigging, as the heavy 
flapping of a topsail will be likely to shake everythiiig to pieces. 

ToPGALLANT-BRAOE AND Parral CARRIED AwAY. — ^Bracc by the lowep 
and topsail-yards, and, if necessary, sufficiently touch the ship with the 
helm to throw the topgaUant-sail slightly aback. 

" To Make a Temporary Lower Yard. — "When a lower yard is 
entirely carried away at sea, it is not uncommon to make a yard with 
the spare spars supplied to the ship. This is frequently done by bring- 
ing two studdingsail-booms end to end, which together makes up the 
length of the yard ; then to scarf them by bringing the spare topsail 
and topgallant-yard in the middle, and other small spars, as topgallant 
studdingsail-booms, &c., to make up the form of the yard. When the 
different spars are so placed as to overrun each other in the best possible 
way, they are well woolded together, and the yard is formed. 

The rolling of the ship makes it frequently difficult to keep the spars 
together tilL woolded, in which case it is better to lay any inferior pieces 
on the deck as skids, and £x the lower ends guyed to the side of the 
ship ; by this means the different spars may be kept safe." 

Topsail- YARD Carried Away Under Sail. — 1£ a topsail-yard is 
sprung, or carried away, it wiU much assist in securing the sails for 

* One scend might break the brace ; the next would break the yard ; but there 
would be just time enough for a quick, ready oflicer to start all the principal gear 
that would relieve the spar. 

MM 
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Bending on deck if iihe clewline blocks ore taken off the yard, and made 
fSast to the foremost eye-bolts in the topmast cap ; by this means you 
can walk your clewlines and buntlines up, unbend and sling the sail 
with the yard-burton. "When the sail is out of the way it gives a better 
opportunity for sending the wreck on deck, and shifting the topsail-yard. 
In some ships the topsail-tyes are left sufficiently long for sending down 
the wreck of a topsail-yard ; but the most approved, euid perhaps the 
best, purchase for sending topsail-yards up or down, is a burton fitted 
for that express purpose ; this purchase is very superior to the hawser 
formerly used, as it requires less men to shift a topsail yard : the yard 
is swayed up much smoother, and not liable to those sudden jerks which 
you sometimes cannot avoid with a heavy weight on a single rope. Since 
burtons have been used for this purpose, topsail yards are much easier 
shifted, and men's lives less endangered. 

BoBSTATS Carkied Away. — Bobstays are generally carried away 
when sailing by the wind, and mostly in rough weather ; therefore, the 
instant it is known, the ship should be put before the wind ; and should 
the bobstays be gone in the way of the cutwater, it will be very diffi- 
cult to reeve new bobstays. The best way, perhaps, is to take a well- 
stretched messenger, or a few lengths of the stream chain cable, with 
which make a clove-hitch round the bowsprit as much outside the bob- 
stay collars as possible ; then take the ends through the inner hawse- 
holes, one on each side, heave them both weU taut together, then 
secure them to the bitts or riog-bolts. When done, bring the ship 
to the wind until you can reeve your proper bobstays. If you use rope, 
of course you must have plenty of service in the way of the hawse- 
holes. 

Topmast-stay Oaekied Away. — If obliged to run a hawser up to 
secure a topmast, the hawser should be taken sound the topmast-head, 
then made fast so as to leave a collar for the topgallant-mast to go up 
or down through. A bowline knot is considered a very good way of 
making the collar of your temporary stay, securing the end well on the 
side of the collar on which it is bent. 

CuTTiNa Masts Away. — Always cut the lee-rigging away first, then 
the stays, and afterwards the weather rigging. If riding head to wind, 
out away all the rigging on both sides, except the two foremost shrouds, 
then cut the stays and foremost shrouds together, and stand by for a 
run forward as the mast falls on either quarter. 

Taken nr a Squall. — A vigilant look-out will usually prevent you 
being taken by a squall in an unprepared state. 

If taken in a squall with the wind on the beam, before it, or close- 
hauled, keep your luff, and lower away and clew up all as fast as you 
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can. In doing so the sliip will be relieved, and the canvas got in better 
than if the helm had been put up. 

But if taken in a squall with the wind abaft the beam, putting the 
helm up and running away fipom it, as well as shortening sail, will then 
be the readiest mode ot easing a ship. 

If caught in a squall with studdingsails set, the best plan is to let 
fly studdingsail-tacks and outer lower halyards, and get the spanker 
in, if set. By this means you wiU get conmiand over the vessel, to 
keep her before the wind if requisite. In letting go royal and top- 
gallant halyards in a squall, never start a sheet; even the topsaH- 
halyards may be let go, and the yard will come down without the 
topgallant sheets being slacked. Many a sail is split by attempting to 
dew it up in a squall ; whereas if the halyards only are let go, and the 
yards clewed down till the first burst of the squall is over, there would 
be little danger of losing anything. Letting go the halyards of square 
•ails, of course, refers to a time when no studdingsails are set, as the 
studdin^sail-halyards would preivent a yard from coming down ; but 
if the squall is very severe, then the studdingsail-halyards should be 
let go, that the yard may come down, as it is better to lose a studding- 
sail than a topmast, and the studdingsails, after the squall is over, wiU 
generally be picked up across the stays. 

Ok Beam Ends. — ^A vessel is usually thrown upon her beam ends by 
a sudden squall taking her when imder a press of sail, and shifting the 
ballast. She must be righted, if possible, without cutting away the 
masts; for, besides sacrificing them, the object can seldom be accom- 
plished in that way if the ballast and cargo have shifted. Cany a 
hawser from the lee quarter, with spars and other good stopwaters bent 
to it. As the ship drifts well to leeward, the hawser will bring her 
stem to tJie wind ; but it may not cast her on the other side. If a 
spring can be got upon the hawser from the lee bow and hauled upoD, 
and the stem-fast let go, this will bring the wind to act upon the flat 
part of the deck, and pay her stem off, and assist the spring, when the 
sails may be trimmed to help her in righting. If she can be brought 
head to the wind, and the sails be taken aback, she may cast on the 
other tack. When there is anchoring ground, the practice is to let go 
the lee anchor, which may take the sails aback and cast h^r. Then the 
ballast and cargo may be righted. 

If there is no anchoring ground, a vessel may still be kept head to the 
wind by pajdng a chain cable out of the lee hawse-pipe ; or by bending 
a hawser to a large spar, which may be kept broadside to by a span, 
to the centre of which the hawser is bent. The same operation may be 
applied to a vessel overset, and is plheferable to wearing by a hawser. 
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Make fast the hawser forward to the lee bow, cany the other end aft 
to windward, and bend it to the spar, and launch the spar overboard. 
By this means, or by letting go an anchor though there be no bottom 
to be reached, a vessel may often be recovered. 

Ship on Shoee — ^To Take Boweb Anchor and Sixty Fathoms op 
Ghain Out. — ^Bun a kedge and a good hawser away, making a guess 
warp of it ; get the long-boat under the bows, and lower away the 
anchor by the cat-fSeill. Pass a slip-rope round the shank of the anchor, 
having the standing part fast round the thwarts and through the ring ; 
then get as much chain in the boat as she can conveniently carry, and 
haul out the long-boat by the hawser, veering out chain &om the ship 
until enough ; then veer away, and let go. 

NoTB. — ^Precantion will, of conrse, be taken to have a good buoy-rope fisust to the 
anchor flukes, in case it should be required to trip the anchor. 

The Quickest Way to Tbip an Anohok. — The quickest way to trip 
an anchor is by means of the buoy-rope, and, when the anchor is off 
the groimd, heave the cable in by the ship. In case the buoy-rope 
should break, put luff-tackles on the cable in the boat. 

To Take Out a Bower Anchor between two Boats. — H the long- 
boat is not capable of carrying the bower anchor and cable out, proceed 
as follows : — 

Buoy a kedge and lay it out, with the whole warp attached, in the 
direction it is intended to haul the vessel off; and whilst this is being 
done, get as much of a bower cable as may be required payed from the 
vessel's quarter into the long-boat, leaving two or three fathoms in the 
bows of the boat to shackle to the anchor ; the rest may be stowed in 
the middle of the boat. Have a piece of spar laid across the stem of 
the boat, and lashed for the chain to run over, or an old mat nailed 
over will do as weU ; fit good stoppers to the ring-bolt in the stem and 
.after-thwart, that there may be no possibility of the chain running out 
of the long-boat faster than required. 

Now, if the vessel has two quarter-boats, the bower anchor may be 
taken out between the two boats, thus : — 

The stems of the two boats should be as nearly square with each 
other as possible; a good strong spar (with its fiat side down, and 
rounded at the upper part) should be laid across the gunwales of each 
boat before their centre ; the spar should be weU lashed to the nearest 
standing thwart and fore-and-aft rings, leaving sufficient room between 
the boats to admit of the fiiikes of the anchor going well between them, 
and the spar so lashed that neither boat could close or separate. The 
anchor should be lowered between the boats with the flukes perpen- 
dicular and the stock horizontal, 'thus dipping the flukes between the 
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boats, and securing the upper arm under the spar, each boat at the 
same time keeping her side of the anchor-stock square at her stem ; the 
standing parts of the parbuckles or slip-ropes being made fast to the 
bottom rings, and the nmning parts rove through separate ones, if pos- 
sible, and secured with several round turns round the after standing 
thwarts. Shackle the ends of the chain in the bows of the long-boat 
to the anchor, which must be well buoyed, and proceed to haul the two 
quarter-boats out by the warp, which can be done by hands in either 
boat, the long-boat following, and the cabl^ being payed out as required. 
When the whole of the chain is laid out, hang the bight of the chain 
outside the long-boat by a sHp-rope to the ring-bolt in the stem, and 
immediately the andior is cut adrift from the small boats let' go the 
sHp-rope. In this way an anchor may be carried out with the greatest 
ease. The plan is extremely simple, and can do no injury to the boats, 
if common precaution be t^en to have the stoppers in the long-boat 
fitted in such a way that the cable cannot go by the run ; and as the 
cable should pass over the after-thwart, the stopper there will be found 
more useful, but it wiU be prudent to have two. 

Provided the vessel has only one quarter-boat the same plan may be 
adopted, substituting the long-boat for the other quarter-boal^ and 
placing, if necessary, a sufficient weight (in addition to the cable) to 
bring her gunwale on a level with the quarter-boat. 

A Man Oveeboaed at Sea. — If the ship be going free, and particu- 
larly if fast through the water, it is recommended to bring-to with the 
head-yards aback ; for it is obvious, if the main-yard be lefb square, 
the ship will be longer coming- to, wiU shoot jfurther, increase the dis- 
tance from the man, and add materially to the delay of succour. 

It will, however, require judgment, especially if blowing fresh, to be 
caxefrd to right the helm in time, or the ship wiU fly-to too much, gain 
stem-way, and risk the boat in lowering down. 

The best authorities recommend that, if possible, the ship should not 
only be hove aback when a man falls overboard, but she ought to be 
brought round on the other tack ;''^ of course, sail ought to be shortened 
in stays, and the main-yard kept square. This implies the ship being 



* When a man falls overboard in daylight, a hand should be sent aloft immediately 
to watch the spot where he is struggling, as it is in general just under the sur&ce, 
which may be seen weU from aloft, but found with £ficulty from a boat. If going 
round gives a weather side for lowering a boat, do not do so, but throw all aback. 
Suppose her to be running with a strong breeze and studding-sails set, the tacks and 
outer lower-halyards should be let go, royal and topg^ant-halyards, and weather 
head-braces ; the yard will go forward as the vessel rounds-to, and the slack of the 
lee-braces can be taken in. Whilst this is being done, some hands will be getting 
the boat ready. 
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on a wind, or from the position of having the wind not above two points 
abaft the beam. 

Note, — The great merit of such a method of proceeding is, that if the evolution 
succeeds, the ship, when round, will drift towards the man ; and although there m.ay 
be some small risk in lowering the boat from the ship while in stays, having at one 
period stem-way, there will, in fact, be little time lost if the boat be not lowered 
until the ship be well round, and the stern-way at an end. There is more mischief 
done generally by lowering the boat too soon, than by waiting until the fittest moment 
arrives for doing it coolly. It cannot be too often repeated, that almost the whole 
depends upon the self-possession of the officer of the deck. Unfortunately, there ate 
circimistances under which no human aid can be g^ven to any poor fellow fEdling 
overboard, such as heavy gales of wind when a boat will not live on the water; scud- 
ding when it is too dangerous to bring the ship to the wind, &c. In a case of this 
distressing nature, the life-buoy or spars may be thrown overboard in the hope of 
supporting the man, while the utmost endeavours should be made, by making sail 
and wearing, if there be any chance of placing the ship to windward and dropping 
down upon tiie man. In gales of wind, and the ship lying by the wind and barely 
forging ahead, men have often been saved by ropes and bights of ropes well disposed 
along tiie chadns and quarters, and even by ropes well astern. 

On Leaks. — On finding a vessel is leaky, the first step to be taken is 
to discover as nearly as possible the situation of the leak. To effect this, 
many plans have been suggested. The most practical of these appears 
to be, — first, to examine such accessible parts as are most likely to be 
defective, as the wooden ends forward and aft, the butts of the planks, and 
roimd the fastenings. Should no discovery of the leak be made, the ship 
must be tried before the wind, and on both tacks by the wind. If the leii 
increases before the wind, the leak is forward, probably in the wooded 
ends; if it decreases, it is in the stem; if the leak be greater on the star- 
board tack, then the leak is situated on the port side, and vtceversd. A 
leak in the bows, or on either side, may be lessoned by a thrummed sail 
being put over the part defective; but this mode is not applicable to the 
stem, as the vessel's way through the water would prevent its action. A 
leak situated much below the surface can only be stopped from the inside, 
except in the way named, of a thnmimed sail — ^therefore the cargo in 
the neighbourhood of the leak must be removed, and the ceiling cut away 
so as to expose the part. Pieces of deal must then be made as nearly 
as can be of the shape of the rpom or rooms between the timbers, but so 
much less as to enable the pieces to be thickly covered with oakum, 
spim as for caulking ; the pieces thus prepared should then, be thoroughly 
tarred and put into the places where the leak is situated, and a piece or 
pieces of plank or spar bolted to the timbers to secure them in their 
situations. The force used in this operation must entirely depend upon 
the state of the outer plank and fastenings; for if, from the decay of the 
plank or timbers, the fastenings were to give way, the plank might be par- 
tially removed from the timbers, and the consequences fatal ; but caulking 
may be done between the timbers and the pieces, and (but with moore 



care) between the upper and lower parts of the pieces and the outer 
planks ; by these means the leak would be much lessened, even should 
it be situated in the plank and timber, and, if in the room, its communi- 
cation with the vessel would be entirely cut off. This mode of treating 
leaks is evidently one adapted to those only of comparatively small 
dimensions; but it is applicable to such leaks, however situated, if 
approachable. If, from faulty caulking, the vessel be generally leaky 
the thrummed sail is the only remedy, and the pumps must be con- 
stantly and vigilantly attended and worked, to prevent injury to the 
cargo, and for the safety of the vessel and crew. The pressure of water 
at different depths is but very partially known to many seamen, and 
many have expressed the greatest surprise and doubt respecting the 
matter. First: water presses at its base and altitude; the hole or 
aperture admitting the water may be considered as the base, and the 
depth of the hole from the surface, the altitude. Second : the quantity 
of water admitted into any holes or apertures of the same dimensions 
will be a^ the square roots of those depths from ihe surface-that is, of 
such numbers as, multiplied together, would make such depths : thus, 
at 25 feet, five times as much water would be admitted as at one foot; 
at 1 6 feet, four times ; at 9 feet, three times ; at 4 feet, twice ; and always 
in those proportions ; but when the water has risen in the inside of the 
vessel, the quantities of water admitted wiU be as the difference of the 
square roots of the surfaces inside and outside. This circumstance will 
show that pumps which are not powerful enough to prevent the water 
rising in the hold to a certain height may be quite sufficient to prevent 
any further increase, and thus, with a cargo that water could not destroy, 
a ship might be safe with many feet water in her hold, and ouffht not 
to be abandoned. It is quite probable that want of information on this 
very important matter has caused the abandonment of may vessels 
that might have been saved. From what has been stated, it is plain 
that a leak situated near the bottom of a vessel is, independently of its 
being more difficult of access, more dangerous than one near ^e sur- 
face. — JSmerson'8 Useful Mints for Young Officers, 

A Sea Anchor. — This anchor may frequently be of the greatest 
possible use ; it ought to be made in the following manner : — Take 
three spars, or topgallant or studdingsail-booms will be sufficiently 
large ; with these spars form a triangle, the size you think wiU be large 
enough, when under water, to hold the ship ; cut these spars to the 
required length before or after cross-lashing them well at each angle, 
so that they will bear an equal strain when in the water — but, should 
your spars be weak, you should always increase the nimiber of your 
spars according to their weakness ; fill up the centre of the triangle 
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with strong canyas, haying eyelet-holes round its side ahout three 
inches, to which eyelet-holes attach the canvas well to the spars ; at the 
back of the canyas pass many turns of an inch or inch and a half rope, 
net fashion, of course. A proper net would be preferable to rope so 
expended. To the base of the triangle attach a weight, or small anchor, 
supported in the centre of the base by a span running from each of ihe 
lower angles. To the first mentioned spans make fast the stream cable ; 
when everything is quite ready, hoist it overboard, from the place you 
think it will answer best. There is every reason to believe, with this 
anchor under the trough of the sea and 70 or 80 fathoms of stream 
cable out, that a ship's drift would not be very great.* The plan pro- 
posed would be of the greatest advantage to dismasted vessels, and vessels 
which have lost their rudders, &c. If a vessel should approach the 
shore with this sea anchor down, it would enable her to bring-to with 
her proper anchors much easier than if the sea anchor had not been 
down. She might let go her proper anchors and veer from the sea 
anchor until she had sufficient cable out, which would give her a much 
better chance of holding. The sea anchor should have a buoy and a 
buoy-rope sufficiently long to go well under the trough of the sea. 

Mode of Steering a Yessel which has Lost heb Bxjddeb. — The 
first thing to be done on losing a rudder is to bring the ship to the 
wind by bracing up the after yards. Meet her with the head-yards 
as she comes to. Take in sail forward and aft, and keep her hove-to 
by the sails. A vessel may be made to steer herself for a long time by 
carefully trimming the yards and slacking up the jib-sheets or the 
spanker-sheet a little, as may be required. 

Having got the ship by the wiud, get up a hawser, middle it, and 
take a slack dove-hitch at the centre. Get up a cable, reeve its end 
through this hitch, and pay the cable out over the taffirail. Having 
payed out about fifty fathoms, jamb the hitch and rack it well, so that 
it cannot slip ; pay out on the cable until the hitch takes the water ; 
then lash the cable to the centre of the tailrail ; lash a spare spar under 
it across the stem, with a block well secured at each end, through 



* Capt. Liadert, B N., in his Professional Recollections on Seatnunship, ^e., says he 
has twice tried a similar contrivance to that proposed above, and it answered beyond 
his expectations. " It appears preferable to riding by spars, as the spars drift so 
much faster than the sea anchor, from its being well imder the trough of the sea, so 
makes great resistance to the drift of the vessel." The reason why the triangular 
form is proposed in preference to the square is, that the trough of the sea may strike 
as lightly as possible should the upper angles at any time approach the trough of the 
sea while riding at anchor. The square might cei'tainly be so placed as to have one 
of its comers up in the same manner as the triangle, but then you would have the 
baae in the very place you want the greatest resistance if you make a square. 
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whicli reeve the ends of the hawser, one on each quarter, and reeve 
them again through blocks at the sides, abreast of the wheel. 

By this a ship may be steered until a temporary rudder can be con- 
structed, which may be done thus : — 

Let a spare topmast be cut to the required length of the rudder-stock, 
making the heel of the mast to answer for the rudder-head ; use the 
remainder for the after part of the rudder, and leave a space near the 
lower end of the stock wherein to stow a quantity of shot, pig-iron, or 
the like, as ballast to assist in keeping the rudder end on. Plank it up 
on both sides with slabs or deals bolted or nailed to the main and after 
parts of the rudder, and let there be a strong shoe-piece bolted hori- 
zontally imder all. Let the main piece have two mortice holes cut in 
it, one near the lower rudder-iron, the other about two-thirds up, 
through each of which pass a chain with a roimd turn, and carry the 
ends of these chains forward along the ships coimter, so that their 
crossings may lie against or embrace the stem-post. Clap tackles on the 
ends of these chains, and bowse them taut forwards, in order to bind 
the rudder firmly against the stem-post. For greater security, also, 
the rudder may be hung by a rope or small chain passed through the 
fid -hole of the topmast, and made fast round a bar laid across the rudder* 
hole on deck. Bolt two spars to the upper end of the broad part of the 
rudder, one on each side, and lash them together in order to form a 
tiller projecting out from the rudder at an angle of elevation; make 
fast the tiller-ropes to its outer end, and lead them to the steering wheel.* 

Let a spare topmast be cut the required length of the rudder, and 
take an iron band of sufficient sizef for the lower end of the topmast to 
travel in : the band, if too large, can be woolded round, and should 
ahoays be leathered to prevent chafe. Next, take a lower cap, and en- 
large the square hole to fit into the stern-post ; the round hole is for 
the upper part of the topmast to travel in. Take a jib-boom and cut it 
in two, or take other pieces of spar and bolt the pieces on abaft the 
topmast, after squaring the edges which are to come in contact with 
each other, and cutting a score in the forward part of the jib-boom or 
spar, next to the topmast, at the lower end where the iron band comes, 
so that the working of the rudder may not be impeded; plank the whole 
over with stout oak planks, slabs, or deals, according to materials, and 



* The above ingenious method for supplying a vessel with a temporary rudder, 
when an accident has befallen the original one, has been very justly recommended 
by the late Capt. Basil Hall, R.N. A description of a jury rudder for the Royal 
Navyj^ as per Admiralty Order of 28th January, 1839, "^^ ^ found in Lieut. 
Jennings' Mints on Sea Miaks. 

t The iron band that goes round the main yard will answer the purpose. 
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bolt in a fish abaft all. A tiller can now be fitted. The band of iron 
for the heel of the rudder will require a chain on each side, to reach 
nearly to the fore-channels ; and if the material be at hand, have two 
eye bolts in this band for the purpose of securing the chain to. Also 
have a small piece of iron plate nailed, to prevent the band from working 
upwards. At the fore-channels attach two tackles to the chains, to bind 
the iron band close to the stem-post. Have a kedge with a slip-rope to 
sink the rudder, which, being put over the side and brought to the rudder 
trunk; can easily be hauled into its place; haul the chains taut forward, 
one on each side ; put the cap on ; ship the tiller, and put a lashing on 
each side the rudder-head to the deck, to keep the rudder from lifting.* 

A spare cap cut away at the after part, so as to fit the stem-post at 
the water's edge or a little below, may be used instead of the iron band 
as in the above plan; the topmast being passed through the round hole 
of the cap. To the topmast, which is the main piece of the rudder, will, 
of course, be bolted pieces of spar, so as to assume as much as possible 
the shape of a rudder, and pieces of plank will be nailed athwart it. 

Also take an anchor-stock (wood), and square two of the edges ; cut 
away a circular score in each, for them to join together round the top- 
mast below the squares, and thus you have a substitute for an upper 
gudgeon ; drive the anchor-stock hoop on the rudder-head to keep it 
from splitting. The rudder is kept close to the stem-post by shackling 
to the eye-bolts of the cap two chains with tackles on the end of them, 
one on each side, and taking them well forward. The fid-hole of the 
topmast must be enlarged to receive the tiller, if not already large 
enough. 

^ Note. — ** A ship might lose her rudder at a critical moment in crossing the bar of a 
river, when a few minutes more might run her aground if she weie unmanageable : 
and, in this case, what temporary rudder is best becomes a question for which a few 
moments only are given to decide. The plan of steering by the stream cable payed 
out astern, or with the stem-boat lowered instantly, with the plug out, and towed 
astern by a hawser, with guys leading up to each quarter, would, perhaps, then be 
adopted ; while a ship losing her rudder at sea would have leisiire to adopt any other 
plan. 

" It might be an advantage if every vessel would take some opportunity of trying 
how she could steer with a stem-boat in the manner described, and what length of 
towline was required to enable her to steer the most easily, so ps to avoid wild yaw- 
ing. The experiment might be made in moderate weather with the wind on the 
quarter, and also right aft, under topsails, topgallantsails, and foresails, running five 
or six Imots. Notmni^ gives confidence bo much as practice,'* — The Kedge Anchor, 
By W. Brady, U.S. Navy. 



♦ The above plan of a jury rudder was given me at Sheemess by a gentleman who 
many years ago constructed a rudder on this plan for a frigate of which he was car- 
penter. The plan is substantially the same as that given by Capt. Sedgwick, in 
CMden Sinte to Toun^ Mariner^^ 
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THE OFFICIAL LOG-BOOK. 



The Board of Trade sanctions forms of official log-books, which may 
be different for different classes of ships, so that each such form con- 
tains blanks for the entries afber-mentioned, and an official log of eyery 
ship (except ships employed exclusively in trading between ports on 
the coast of the United Kingdom) must be kept in the appropriate 
sanctioned form; and this official log can, at the discretion of the 
master or owner, either be kept distinct from the ordinary ship's log, 
or united therewith, — so that, in all cases, all the blanks in the official 
log be duly filled. Every entry in every official log must be made as 
soon as possible after the occurrence to which it relates, and, if not 
made on the same day as the occurrence to which it relates, must be 

made and dated so as to show the date of the occurrence and of the 
entry respecting it, and in no case must any entry therein in respect of 
any occurrence happening previously to the arrival of the ship at her 
final port of discharge, be made more than twenty-four hours afber that 
arrival. 

Every master of a ship, for which an official log-book is required by 
the Act, must make or cause to be made therein, entries of the follow- 
ing matters : — 

1 . Every legal conviction of any member of his crew, and the pun- 
ishment inflicted. 

2. Every offence committed by any member of his crew, for which 
it is intended to prosecute, or to enforce a forfeiture, or to exact a fine ; 
together with such statement concerning the reading over such entry, 
and concerning the reply (if any) made to the charge as required by 
sec. 244. 

3. Every offence for which punishment is inflicted on board, and 
the punishment inflicted. 

4. A statement of the conduct, character, and qualification of each 
of his crew, or a statement that he declines given an opinion on such 
particulars. 

5. JEvery case of illness or injury happening to any member of the 
crew, with the nature thereof, ^nd the medical treatment adopted, (if 
any). 
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6. Every case of death happening on board, and of the cause thereof. 

7. Every' birth happening on board, with the sex of the infant and 
the names of the parents. 

8. Every marriage taking place on board, with the names and ages 
of the parties. 

9. The names of every seaman or apprentice who ceases to be a 
member of the crew, otherwise than by death, with the place, time, 
manner, and cause thereof. 

10. The amount of wages due to any seaman who enters her 
Majesty's service during the voyage. 

11. The wages due to any seaman or apprentice who dies during 
the voyage, and the gross amount of all deductions to be made there- 
from. 

12. The sale of the effects of any seaman or apprentice who dies 
during the voyage, including a statement of each article sold, and of 
the sum received for it. 

1 3. Every collision with any other ship, and the circimistances under 
which the same has occurred (sec. 282). 

In the case of foreign-going ships, the master must, within forty- 
eight hours after the ship's arrival at her final port of destination in 
the United Kingdom, or upon the discharge of the crew, whichever 
first happens, deliver to the Shipping Master before whom the crew is 
discharged, the Official Log-book of the voyage. 

The entries hereby required to be made in official log-books shall 
be signed as follows : that is to say, every such entry shall be signed 
by the master and by the mate, or some other of the crew ; and every 
entry of illness, injury, or death, shall also be signed by the surgeon 
or medical practitioner on board (if any) ; and every entry of wages 
due to, or of the sale of the effects of any seaman or apprentice who 
dies, shall be signed by the master and by the mate, and some other 
member of the crew ; and every entry of wages due to any seaman who 
enters her Majesty's service shall be signed by the master and by the 
seaman, or by the officer authorised to receive the seaman into such 
service. 
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LEADING LIGHTS IN THE ENGLISH CHANNEL. 

ON THE ENGLISH COAST. 



Bishop Rock — Scilly Isles — One fixed light. 
Hidden between the bearings of S "W. by "W., 
and "W. by N. i N. 

St. Agnes — Scilly Isles — One revolving 
light, every minute. 

Seven Stones — Light vessel, in 40 fathoms 
—Two fixed lights. 

Longships — One fixed light, 

^©//—(Building). 
N.B. I of a mile £. by N. is frequently a ves- 
sel moored, with a light. 

Zizard— Two fixed lights. 
When in one, these lights keep clear of the 
Manacles to the eastward ; and of the Wolf 
to the westward. 

Eddystone — One fixed light. 

Start Foint — One fixed and flashing light, 

every minute. 
In the same tower is shown a Fixed light in the 
direction of Berry Head, visible only when the 
Start Point bears between W. i S. and S.W. by 
S. ; also a fiunt continuous light is seen mtfain 
10 miles. 

Portland—-ixsiax the Bill — ^Two fixed lights. 
When in one, they lead betwe^a the Bace 4nd 
Shambles. 

Shambles — Light vessel, on east end of 
shoal in 15 fathoms — One fixed light. 

Needles — ^Isle of Wight — One fixed light. 

Red from N.W. A N. round Westward to S.W. by 

W., except between East and E.S.Er, when it 

will appear as a White light ; it also appears 

Wliite from N.E. by E. to N.E. by E. I E. 



St. Catherine — Isle of Wight — One fixed 
light. 

BetnbridgCy or Nab — ^Light vessel, in 5 fa- 
thoms — Two fixed lights. 

Owers — Light vessel, in 19 fathoms — One 
fixed light. 

Beachy Head — One revolving light, every 
two minutes. 
Kept open of the next Eastern Cliff, leads out- 
side the B^al Sovereign, and other shoals. 
Note the difference between this light and that 
on Cape Grisnez^ which flashes every half 
minute. 

Dungeness — One fixed light. 

Vame Shoal — Light vessel, in 16 fathoms 
— One revolving light, every 20 seconds 

South Foreland — Two fixed lights. 
These lights in one clear the South end of the 
Gh)odwin Sands. 

South Sand Head — Light vessel, in 13 

fathoms — One fixed light. 
Guil Stream — Light vessel, near west edge 

of sand, in 8 J feithoms — One revolving 

light, every ao seconds. 
North Sand Head—lA^t vessel, off north 

end of the sand, in o futhoms — ^Three 

fixed lights, triangular. 
North Foreland— Ohq fixed light. 
Shows a band of Red light to clear the East end 

of Margate Sand, a cable's length, when bear- 
ing S. by E. J E. to S. i W. 



ON THE FEENCH COAST. 



Ushant — ^N.E. point of Island — One re- 
volving light, every 20 seconds. Lat, 
48" 28' N., Long. 5» 3' W. 

lie Vierge — One fixed and fiashing light, 
every 4 minutes a Bed flash; tiie Red 
flash is preceded and followed hy a 
short eclipse, which does not appear 
total within the distance of 6 miles. 

lie de Bas — One revolving light, every 
minute; the eclipses do not appear 
total within the distance of 12 miles. 

Sept Isles — One fixed and flashing light, 
flash every 3 minutes. 

Heaux de Brehat — One fixed light. 

Cape Frehel — One revolving light, every 
half minute ; eclipses not total within 
the distance of 12 miles. 

Granville — One fixed light 

Cliausey Islands — One fixed and flashing 
light, Red flash every 4 minutes; 
eclipses not total withm l^e distance 
of 6 miles. 

Carteret — One revolving light, jevery half 
minutJe ; eclipses ndt tdtal within the 
disUii6e of 6 milds. 



Hanois Mock — One revolving light, every 
45 seconds ; Red light visible all round 
the western horizon. 

Casguet&'^OjpipoBite Bill ofPortland — ^Three 
revolving lights, every 20 seconds. 
Belative position £. | N., S.W. ft W., and 
N.W. I W. 

Cape de la Hagtie — One fixed light. 

Barfleur — One revolving light, every half 
minute ; does not quite disappear 
within the distance of 1 2 miles. 

Foint de Ver — One fixed and flashing light, 
flash every 4 minutes; eclipse not 
total withm 6 miles. 

La Heve — ^Two flxed lights. 

Fecamp — One fixed light. 

Ailly — One revolving light, every minute ; 
eclipses not total within 10 miles, 

Alpreck — One fixed and flashing light, 
every 2 minutes a Red flash; flash pre- 
ceded and followed by a short eclipse. 

Cape Oritnez — Opposite Dungeness— One 
tevolving lu;at, ever^ half iiiinute ; 
edijhses not foial withm 12 mildd. 
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Kentish Knock — Light vessel — One revol- 
ving light, every minute. 

On the E. side of the Sand, in 12 fathoms. 
Galloper — Light vessel— Two fixed lights. 

On S. W. part of Shoal, in 20 &fhoms. 

Sunk — Light vessel — One fixed light. 

Fairway of East Swin, in 10 fathoms. 
Shipwanh — Light vessel— One fixed light. 

Off X.E. end of Sand, in 9^ fiithoms. 
Orfordness — Two fixed lights. 
Whon in one, S. of the Nos<, thoy lead throtijrh 
HoUwlcy Bay, close to the N.W. ed(?e of the 
Whitinjr, and across the outer edge of the 
Ctitlcr Sand; and to the Xorth, thoy lead 
inside of the Knoll, the Ridt^ and the Xapes. 
Lowestoft~-Tx70 fixed lights. 

Gorton Channel — Light vessel — One re- 
volving light, every 20 seconds a Red 

face. 
Moored in 15 fathoms at S.E. entrance of Corton 
Oatway. 
St, Nicholas— Light vessel— Two fixed 

lights. 
At Northern extremity of Hewitt's Channel, 
one Bright^ and one Red. The latter at the 
aftcrpart of the Lightvesscl, 20 feet above the 
water. 
Cockle — Light vessel — One revolving light 

every minute. 
At North entrance. Eastern side, in 6i^ fiithoms. 
Winterton — One fixed light. 
Kewarp — Light vessel — Three triangular 
fixed lights. 
Near the North end of the Sand, in 19 fathoms. 
HaHhoroiifjh — ^Two fixed lights. 

In one, they lead through Hasborough Gatway. 
JIasborough—\A^i vessel — Two fixed 

lights. 
Near North end of Sand, in 15 &thoms. 
Leman and Oiver — Light vessel— Two 
lights : upper light revolves every 
minute ; lower, fixed. 
Near the S.W. point of the Ower, but 5 miles S. 
of its shoalest spot, and 4 miles E.S.E. of the 
shoalcflt part of the Lemon. 
Cromer — One revolving light, every min- 
ute. 
Dudgeon — Light vessel — One fixed light. 
Near the shoal, in 9 fathoms. 

Outer Dowsing — Light vessel — One revol- 
ving light, Red face every 20 seconds. 
On thn wostom side of the sand in 9 fathoms. 

Spurn —Light vessel — One revolving light 
every half minute. 

Oft' the "point, Ilivor l£uml>or, in 9 fathoms. 
Spurn— on the Point — Two fixed lights. 
£ull Sand — Light vessel— One fixed light. 

8.B. end of Bull Saud, in 5^ fkthoms. 



Flambro* Kead — One revolving lip^ht, every 
2 minutes ; two flashes Bright, one 
Red. When bearing N.N.E., clears 
north end of Smithic ShoaL 

7f7«M^— Two bright fixed lights. 
Towers, in a N. 19^ W., and S. 19^ £. direction, 
and when in line lead on Whitby Scar Bock, 
distant about two miles from tnc Northern 
Tower. The lights range from N. 28'* W. 
roimd eastward to S. 17^ E. They are visible 
at a distance of about 23 miles, and show over 
the N. check of Robin Hood's Bay. Mariners 
are to observe that tiie light from the Northern 
Tower is coloured Red from the line of bearing 
of the Whitby Scar Rock, to the in shore 
bearing of N.28«W. 

Hartlepool — on the Heugh — ^Two fixed 
lights in one tower: high light, Bright; 
low light, Red. 
Upper light idl night ; small lower light, from 
half flood to half ebb. 

Sutulerland~~'SoTih. Pier Head — ^Two fixed 
lights in one tower. 

Sunderland — South Pier Head — One fixed 

light. 
The lower light on North Pier Head is a small 

(distinguishing) Red light, 18 feet below the 

upper li}^ht ; and both are exhibited all night. 

South Pier Light exhibited from half flood to 

first quarter ebb. 
Tynemouth — One revolving light, every 

minute. 
Coquet — S.W. part of the Island — One 

fixed light, Bright. 
Brilliant when seen fixim the Eastward, between 
S. by W. i W., and N. by E J E. A dim light 
is seen round the rcmainaer of the circle. 
When seen in the direction of Ilauxley Point 
Buoy, it appears Red ; and to avoid the Boul- 
mcr Rocks, a Red light is shown in that 
direction. 

Farn — Two lights: highest revolving 
every half minute ; lowest, fixed. 
Highest light, near S.W. point of the Island ; 
lowest near its N.W. pomt. The low light is 
only seen in a Northerly direction. They 
bear frtmi each other N. by W. ^ W., and 
S. by E. ^ E. High light open rather less 
than its own height E. of low light, leads 
between Megstone and Oxscar. These lights, 
and Megstone in one, lead between Ploughseat 
and Gomstone. 

Longstone — One revolving light, every 
half minute, 

St, AbVs Head — One flasliing light, flashes 
every 10 seconds, 

Inchkeiih — on the summit of the Island — 
One revolving light, every minute. 

Isle of May — on the summit of the Isle*- 

• Two fixed lights. 
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When in one, bearing 8.8."W. i^^W., and N.N.E. ^ 
£., they lead about half-a-mile to the Eastward 
of the North Carr Bock. The lights must 
ou no account be opened to the Westward. 

Bell Bock — One revolving light, every 2 
minutes ; Bright and Ited alternately. 

BuddontiesSf or Tay — on the Ness — Two 

fixed lights. 
Bearing X.N. W. % W., and S.S.E. | E. Leading 

lights between the Gaa and Aocrtay Sands, 

at the mouth of the river Tay. 
Oirdleness — on the Ness — Two fixed lights 
Vertical, in the same tower. Seen firora N.N.K. 

to W.S.W. i W. by the Eastward. 
Bttchanness — on the ^Jess — One flashing 

light, flashes every 5 seconds. 
Visible from N. by E. to S.W. by W., by the 

Eastward. 

Kinnaird Head — on the Head — One fixed 
light. 

Shows Red N.N.W. j^ W., and northerly as fer 
as the land admits. Visible from W.N.W. to 
S.S.E. i E. Northerly and Easterly. 
Covesea Sken-ies — on Uraig Head — One re- 
volving light, every minute. 

Visible from W. by N. f N., round Northerly 
and Easterly, to S.E. by £. ^ £., Bright ; but 
ftt>m S.E. by E. i E. southerly to S.E. ^ S., 
Bed. 

Ta*-fe^«M«— ontheNess— One intermittent 

light. 
Visible 2^ minutes, then suddenly eclipsed half 

a minute. But to the Westward of the Ness, 

the light is permanently visible. 
Noss Head — on the Head — One revolving 

light, every half minute; Bright to 

seaward and Red towards Sinclair Bay 
Visible from W.N.W. to S.W. ^ W., by the 

Eastward. 

jPentland Skerries — on the Island — Two 

fixed lights. 
Bearing N.N.E. and S.S.W. 
Dunnet Head — on the Head — One fixed 

Hght. 



Visible from S.E. ^ E. to W. by N. i N. by the 
North. 

Holbum Head — One flashing light, every 
10 seconds. 

Cantick Head — Orkney Islands— One re- 
volving light, every minute. 

Hoy — Orkney Islands — ^Two fixed lip;hts. 
'fhQ high light stands on the N.E. point of 
Qremsa Island ; and the low light on its N. W. 
point. High light. Bed frY>m Seaward, but 
White when between S.S.E. ^ E., and W.S.W.; 
it also hghts a small ore towards Cava, in 
Scapa Flow, between N. J W., and N.N.W. ^ 
W. The low light, White, is visible between 
E. is. and W.JN. round byN. When the 
Ughts are in one, they lead between the rocks 
of Bow and Kirk ; when within half-a-mile of 
the ^ore on this line, the high light disapx>cai^ 
below the foi^:round, and it is then tame to 
haul towards the Stromncss shore, when the 
Bed light wfll re-appear. 

Start Foint— on the East Point of San- 
day Island — One fixed light. 

J^orth JSonaldsha — on the North Point- 
One fiashing light, flashes every 10 
seconds. 

Stmburgh Head — on the S.W. Point of the 
Shetlands — One fixed light. 
Visible from N.E. by E. \ E., round to N.W. by 
N. \ N. by the Southward. 

Cape Wrath — on the Cape, N.W. Point of 
Scotland— One revolving light, every 
2 minutes ; Bright and Bed alternately 
Visible from S. i E. to S.W. by W., by the N." 

Butt of Lewis — N. Point— One fixed light. 

Barra Head — highest part of Bemera Is- 
land, S. Point of Hebrides — One inter- 
mittent light. 
White 2^ minutes, then dark A minute, visible 
from N. by E. to E.N.E., by W. and S. 

Skenyvore — on the Hock, 12 miles W.S.W. 
from Tyree Island — One revolving 
light, every minute. 



LEADING LIGHTS OF ST. GEOKGE'S CHANNEL. 



COAST OF lEELAND. 



Fastnet — on the summit of the Rock — One 
revolving light, every 2 minutes; visi- 
ble 18 miles. 
This is instead of that formerly shown on Cape 
Clear. There is a dangerous rock, carrying 
only 11 feet at low water, 400 yards N.E. by E. 
of the Fastnet. 

Kinsale — on S. Point of the Old Head — 
One fixed light, visible 2 1 miles. 
Bed light is shown in a line to the Hoi-se Kock, 
in Courtmacsherry Bay ; Bright to Seaward. 
Qork JS^arbintr, or Qtteenstown — on Koche 



Point, E. side of entrance — One revol- 
ving light, visible 14 miles. 
Bed, towards the sea; towards the harbour. 
Bright. 

Baliycotton — on the Outer Island — One 
flashing light, every 1 o seconds; visible 
18 miles. 
Seen ft-om E. ^ N., round Southerly, to W. i N. 
There are red panes of glass at the foot of the 
apparatus, to warn vessels not to approach 
within that mark. When visible, tauk off 
shore, 
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Minehfad — S. side of Head — One inter- 
mittent light, every minute. 
Bright 50 soconds ; Ruddenly eclipsed 10 seconds. 
Seen from E.N.E. ^ N. to W. | S., and visible 
21 miles. 

WaUrford — Hook Tower, E. side of en- 
trance — One fixed light, visible i6 
miles. 

Saltees — Light vessel — ^Two fixed lights, 
visible o miles. 
Off Ck>ningbeg Rock, the southcmmost of the 
Saltees Isluids, in 32 £Eithoms. 

TSukar — on the Bock— One revolvinglight 
every 2 minutes; visible 15 miles; 
two sides Bright, one Red. 
Red light seen 10 miles, and visible every sixth 
minute. 

Blackwater Bank — Light vessel — One fixed 
light, visible 9 mUcs. 
In 19 fiithoms, off N.E. part of Bank. 
Arklow — Light vessel — One revolving 
light, every minute ; visible 10 miles. 
Moored South end of the Bank, in 22 &thoms. 
Wicklow — on the Head — Two fixed lights, 
visible 21 and 16 miles. 
When in one, ihey lead between Uxc India and 
Arklow Banks. 

DUBLIN BAY:— 

Kish — ^Light vessel — Three fixed lights, 

in a triangular form; visible 10 miles. 

Moored off N. point of Kish Bank. 
I^lbeg — Two fixed lights in one tower, 
visible 12 miles. 

At the end of 8. "Wall, at the entrance to the 
river Lifly. The lower light is shown from 
half flood to half ebb. The lower light is 
much iaintiT than the upper one. 

Fbolbeg — One fixed light, visible 10 miles. 
At the end of the N. Wall or Quay. 

Sailff/ — on S.E. Point of Howth Peninsula 
— One fixed light, visible 15 miles. 

ifoM'M— on E. Pier Head— One fixed Red 
light, visible 1 1 miles. 



Sockabill — One flashing light, every 12 
seconds; White flash between N. J W. 
and S.W, by S. ; Red flash towards 
land. 



Carlingford — on Haulbowline Rock — ^Two 
fixed lights in the same tower, visible 
15 miles. 
The lower light fix)m half flood to half ebb. 

Dutidrum Bay — on St. John's Point — One 
intermittent light, every minute; visi- 
ble 12 miles. 
The light is Red for 45 seconds ; suddenly eclip- 
sed for 15 seconds. 

Swith Bock — on the Rock — One revolving 
light, every minute and a half; visible 
12 miles. 

Copeland — on small Copeland Island — One 
fixed light, visible 16 miles. 

Maidens — on the Rocks — Two fixed lights, 
visible 13 and 14 miles, 

Bathlin—on N.E. Point of Island— Two 
lights in same tower; the upper light 
revolving every minute,givinga Bright 
light during 50 seconds, then eclipsed 
for I o seconds. The lower light, fixed. 
The upper light visible ftt)m seaward, between 
the bearings of S.E. A S., round bv the East- 
ward, to N.E. by N. ; and in me channel 
Westward of Rathlin Island, from E.N.E. ^ 
N. to E. ^ N., and is coloured Red on the line 
of the Caricka,vanan Rock. Visible in clear 
weather 21 miles. The lower light is a separate 
light within the distance of 10 miles, andfrt>m 
seaward between the beariz^ of S.E. by S., 
and N.N.E A E., and not visible in the chan* 
nel Westward, of Rathlin Island. 

Innisliowen — on Dunagree Point — ^Two 
fixed lights. 

Innistrahtd^on N.E. part of the Island — 
One revolving light, every 2 J minutes; 
visible 18 miles. 

Lough Stvilly — on Fanad Point — One fixed 
light. Red ; but towards the Lough, 
Bright ; visible 14 miles. 

Tory Island — on N.W. part of the Island 

—One fixed light, visible 16 miles. 
To vessels passing to the S.E. of the Island, the 
light will disappear behind its heights, be- 
tween N.W. by N., and N.W. j^ W. 

Rathlin-o' 'Bime—oui^Q Island—Onefixed 
White light, visible 16 miles ; Red 
towards the mainland and Sound, East- 
ward of the Island. 

Aranmore Island — (Building.) 



WELSH AND SCOTCH COASTS, INCLUDING THE 

ISLE OF MAN. 



Smalls — on the Rock— One fixed light, 
visible 15 miles. 

South Bishop— -on the Rock — One revol- 
ving light, every 20 seconds ; visible 
1 8 miles. 

Cardigan Bay^lAghi vessel, between South 
Bishop and Bardsey Island — One Red 
revolving light, every 30 seconds, when 
it appears brightest. 



Bardsey — on the Island — One fixed light, 
visible 17 miles. 

Stack— on South Stack Rock, off N.W. 
Point of Holyhead Island — One revol- 
ving light, every 2 minutes; visible 
19 miles. 
During fof gy weather, a small Bright light re- 
volving in 1^ minute is occasionally shown 
about 40 feet above the sea, and 30 yards Nnth 
of the main li£:hthouse* 
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Skerries — on the highest Island — One fixed 
light, visible 16 miles, 
A Bed gleam shown over the Coal Rock to E. ^ 
S. 

Lyntts — on the Point — One flashing light, 
in 10 seconds ; visible 8 and obscured 
2 seconds ; seen 16 miles. 

ENTRANCE TO MERSEY AND 
DEE RIVERS :— 

Air — on the Point, at low- water mark — 

One fixed h'gbt. 
From N.W. to "W. it shows bright ; from N.W. 
Northerly, to E. by S. \ 8., Red ; from E. bv 
8. 4 S. to 8. b^ £., Bright. The Red light is 
Tisible only within the Iloylc Sand. A Bell 
is sounded in foggy weather. 

Liverpool North- West Light Ship — One re- 
volving light, every minute. 
Off the W. extreme of the 3 and 4 fothom Tongue 
in 6^ &thoms. 

Moyldke — near the Church — Two fixed 

lights. 
When in one S.W. by 8., you may haul up the 
Rock Channe). 
Sidston— on Bidston Hill— One fixed light 
visible 23 miles, 

Leasotve — One fixed light, visible 15 miles. 
On the shore midway between the Mersey and 
Dee Rivers. 
Bock^One revolving light, every minute; 

visible 14 miles. 
On the point "W. 8ide of the river Mersey. This 
light IS blight for two minutes, then Red the 
tmrd' minute. A Fixed light shows down the 
Rock' Channel and up the river, when 11 feet 
water. 
Crosby — Light vessel — One fixed Yellow 

light, visible 8 miles. 
Crosby Channel, N.E. elbow of Great Burbo 
Bank. Moored in 44 feet at low water. 

Crosby— near Crosby Point — One fixed 

light, visible 12 miles. 
Formby — Light vessel — One fixed Red 

Light, visible 8 miles. 
At the point of meeting of the Crosby and Queen's 

Chamiels. Moored in 25 feet. 
Great Onne JSead^One fixed light, visible 

24 miles, 
"White between S.E. by E. } E. by the 8outh to 
West; Red from W. to W. i N. 



ISLE OP MAN :-- 

Ayre — ^ mile S.W. of the Point — One re- 
volvmg light, every 2 minutes ; Bright 
and Red alternately. Visible 15 miles 
from S. by W. North-easterly to 
W. by N. 

Calfo/Man^'W. side of Calf Island— Two 
revolving lights, every 2 minutes ; visi- 
ble 24 and 22 miles: high light visible 
from E.N.E. to S.E. by E., by the 
Westward. 
When in one, they lead on the Chicken Bock. 

Dottfflas — on the Head — One fixed light, 
visible 14 miles. 
Not visible from Lang Xcss, but with three miles' 
offing, it will be seen N.E.^. E.. and <^e Calf 
light at the same time N.w . by W. ^ W. 

Baliama Bank — Light vessel, a mile oflTthe 
S.E. tail of the Shoal, in 1 1 fathoms — 
Two fixed lights, visible 10 miles, 

MuU of Galloway— on S. Point — One in- 
termittent Hght, every 3 minutes; 
visible 2} minutes, and half minute 
eclipsed. Visible 23 miles from N.E. 
to N.W. J W. 

Oorsewall — on the Point, W. side of en- 
trance of Loch R^an — One revolving 
light, every 2 mmutes; Bright and 
Red alternately : visible 15 miles from 
N.E. by E., IJortherly, to S.W. 

Sanda Lsloftd— on Ship Rock — One fixed 
Red light. 

Pladda Lsland— on S.E. Point of Arran 
Island — Two fixed lights, vertical; 
visible 17 and 14 miles, from N.W. by 
W., Southerly, to N.E. by E. 

Lavar Island — on Eastern part — One re* 
volving light, every 30 seconds ; visible 
17 miles, from N. J W. to E. by S., 
by the North. 

Clyde JSiver — Cumbrse, on W. side of Little 
Cumbrse — One fixed light, visible 15 
miles. 

Mull of Cantyre— on S.W, headland of 
Cantyre — One fixed light. 

Rhynns of Islay — on Oversay Island, off 

S.W.Pointoflslay— One flashing l^ht 
eveiy 5 seconds. 



LEADING LIGHTS OF THE BEISTOL CHANNEL. 



Trevose Head-^on N.W. part — ^Two fixed 
lights, visible 19 miles. The lower 
light is 50 feet in advance of the higher 
one. Lat. 50** 33' N., long 5° J J W. 

00 



Lundy — on the ridge of the Island — ^Two 
lights in one tower ; upper, revolving 
every 2 minutes; lower, fixed, and 
visible 30 miles. 
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irATIOATINO THE ENGLISH CHANNEL. 



Low light only visible from the "Westward, be- 
tween JUJX.W. and W.B.W. 

Flatholm^-on the Island, S. Point— One 
fixed light, and visible 17 miles, 

English and Welsh Grounds^lA^t vessel 
— One revolving light, every minute, 

and visible 10 miles. 

Moored S. side of Bristol Channel, in 6 fothoms 
XTsh—'Sff. side of entrance of the river- 
Two fixed lights, and visible 10 miles. 

A Bed lirht in this tower, 20 fSset below the 
rhtlif ht, leads into the Biver on a N. by 
W.^ wVbewing, between a Black and White 
Buoy, two cables apfirt, at the entrance and 
U mile from the tower, which bears from the 
Western or Black Buoy, N. by W., and from 
the Eastern one N.N. w. Another Bed light 
it also shown up the river, in a N.E. direction, 
towards Newport, elevated S9 feet. 

Nask— on the Point— Two fixed lights, 
visible 18 and 16 miles. 



The lights in one, N.W. by W. | W., lead a 
cable's length 8. of Nash Sand 

Mumbles — on the Head — A fixed light, 
and visible 15 miles. 

Soarweather—lAf^i vessel— One Eed re- 
volving light every 20 seconds. 
0|r the W. end of the sand. A half globe above 
usual globe. 

Helwick—lA^t vessel— A light revolving 
every minute, and visible 10 miles. 
Off West end of tiie Sand, in l^ fiEithoms. 

Caldy — on Caldy Island, 8. part — ^A fixed 
l^ht, and visible 19 miles, 

St, Ann's — on St. Ann's point, Milford 
Haven — ^Two fixed lights, and visible 
19 and 17 miles. 

When in one, they lead dear of the Crow and 
Toes Bocks. 



OBSEEVATIONS EELATIVE 
TO ENTEEING AND NAVIGATING THE 

ENGLISH CHANNEL. 



When running for tlie Channel, the ground should invariably be 
sought for in good time ; nor should the lead in any case be neglected 
after the ground has once been obtained, especially during the night ; 
because in the parallel of 51® 10' N. the same soundings will be found 
as at 10, 18, 28, and 43 leagues firom Scilly. Nor is this identity con- 
fined to that latitude alone. By the above precaution, all the various 
alterations in depth, substance, and colour will be progresmely unfolded 
whilei advancing to the eastward, and tl^e parallel of latitude with 
greater facility preserved or regained if temporarily quitted. 

Generally speaking, the water in the entrance of the Channel is from 
8 to 10 fathoms deeper towards the French coast than towards the 
English. The soundings, too, are coarser ; the stones are lai^er ; and 
the different substances altogether more loose and unconnected, and 
the compound of a paler colour than on the northern side of the 
Channel. 

The Best Faballel for entering the Channel is between 49° 1 5' and 
49° 25', according to the inclination of the wind ; because it is between 
those limits that the relative situation of your vessel can with the 
greatest certainty be ascertained, as well in respect to depth of water 
as to quality of ground (alluding to the discrimination between oaze 
and sand), and which cannot be so well defined in any other latitude. 



The keeping on this parallel is rendered still more necessary, in conse- 
quence of the rotary motion and northerly inclination of the tide to the 
westward, south-westward, and southward of Scilly. 

Between the parallels of 49° 15' and 49° 2^' N., the edge of the bank 
of soundings will be foimd in the longitude of ii** 18' W. Here the 
depths of water will be firom 270 to 335 fathoms, and the groimd a 
mixture of sand and dark-greenish oaze. From hence, as you proceed 
towards the Channel, you will find sand and oaze for 16 leagues ^irther 
eastward, the depths decreasing very suddenly from 8 1 and 80 fathoms 
to 71 and 69, and the groimd changing to coarse and fine reddish- 
yellow sand and shingle. 

On the Parallel of Fastnet Rock, or that of 51® 23' N. and id 
1 1® 34' W., are 286 fathoms water, the ground a sort of fine dark viscous 
brown sand ; this is the edge of the bank. Thence, as you proceed 
eastward, the depths decrease very suddenly. In the longitude of 1 1% 
are 96 feithoms, very fine dark sand ; from hence to the longitude of 
10^ 3o\ the depths decrease more gradually — ^viz., about 4 fathoms 
every 5 miles — but again decrease very suddenly until within 5 J leagues 
of the land. Seven leagues westward of the Mizen Head, there are 
60 fathoms, oazy ground; and not further off than 10 leagues, 80 
fathoms will be found — the bottom oaze, as before. 

On the Parallel op Trevose Head. — ^Vessels rimning for the 
Bristol Channel, and bound into the Severn from the Atlantic, should 
endeavour to preserve the parallel of Trevose Head, or that of 50° 30', 
not only with a view of coimteracting the north-westerly and northerly 
excess of tide which prevails in the Irish Channel, but because the 
soimdings, on approaching it, decrease gradually, and because this 
promontory projects a considerable distance to the westward beyond 
the general direction of the Cornish coast. The land, also, being very 
high and steep, renders it the most eligible spot for a landfall between 
the Land's End and Hartland Point, from whence a vessel may with 
confidence shape a course for the Bristol Channel. On this parallel| 
and in the longitude of 10° 53', are 140 fathoms, fine dark-brown sand; 
this appears to be the edge of the bank of soimdings in that latitude. 
From hence, the transition to shoal water is very sudden, as 1 3 miles 
frirther eastward are only 94 fathoms. This depth is in the longitude 
of 10® 32' W., and as you proceed easterly, the depths more gradually 
decrease. In longitude 9° 44', are 71 fathoms, very fine dark-grey 
sand, of the consistency of beaten pepper ; 7 leagues further eastward, 
are 7 1 and 69 fathoms tdso ; the latter soundings are, however, oazy. 
On the western extreme of the Nymph Bank, are 59, 55, and 53 
fathoms ; and the south-western extremes of the said bank lie in 60 
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and 64 fatiioms. Proceeding easterly, you will retain nearly the same 
depths until you advance as far as the longitude of 8° 26', where you 
wiU find as little as ^3 and even 45 fathoms— coarse, tenacious, light 
g^und. The former depth, 45 fathoms, is the shoalest part of the 
Nymph, and is in latitude 50® 32' N., and longitude 8° 26' W. ; to the 
south-westward of this, the soundings vary from 50 to 60 fathoms, and 
to the eastward of the latter depth, 69 fathoms, they shoalen pretty 
gradually toward the western coast of Cornwall, 9 leagues from which 
are 34 fathoms. 

The Nymph Bakk lies nearly midway between the English and 
Irish coasts, and shoals in irregular, uneven patches. It takes its rise 
in the vicinity of the Hook Lighthouse, and thence trends along the 
Irish coast roimd Cape Clear, even as far westward as the meridian of 
Dursey Island. It is very steep, particularly on its south-eastern and 
western edges, and the quality of the ground thereon is principally, 
though not wholly, that of coarse and fine sand ; in some places, how- 
ever, oaze will come up with the lead. Indeed, the deeper parts are 
wholly oaze, though not very tenacious. 

S.W. OF THE Smalls. — The soimdings, on a radius of 16 leagues 
from the Smalls Lighthouse, in any direction between N; W. by W. J W. 
and S.W. J 8., are nearly wholly oaze, or sand mixed therewith. To 
the north-westward, as well as to the eastward of these limits, the 
bottom suddenly becomes a sort of dark-reddish sand, which ground is 
the peculiar criterion of an approach to the Bristol Channel. In run- 
ning from the westward for the mouth of the Bristol Channel, therefore, 
if the groimd brought up by the lead be oaze, or sand mixed therewith, 
you cannot be to the southward of 50° 57' N., but must be to the 
northward of that parallel, and to the westward of the meridian of 
Ghrasholm, let the depth be what it may. If, on the contrary, the 
soundings are wholly free from oaze, you must be to the eastward of 
the latter meridian. The transition from oaze to sand in the neigh- 
bourhood is so evident that it cannot be mistaken. 

Soundings Westwaed and Soxtthwaed of Scn^Y. — Taking a sup- 
posed radius of 6 leagues from Scilly, in any direction from N.N.W. to 
S. i W., there is but little variation in the soundings, which consist 
chiefly of fine or coarse sandy mixed ground, of a pale white or greyish 
colour, with a mealy surface, and small stones and pieces of shells, and 
from 5 5 to 60 fathoms ; it shoals gradually as you approach the rocks. 
The ground to the southward of the islands within the above radius, 
though in quality nearly the same, is somewhat finer and more tenacious 
than that to the westward and north-westward. 

In a radius of 1 2 leagues from the same, and between the above- 
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named bearings, are 63 to 67 fathoms ; and should oaze form any part 
of the soundings, your situation can neither be to the southward of 
49° 38', nor to the northward of 50° 17', but upon or between those 
parallels ; if the bottom be fine or coarse sand like beaten pepper, or 
light-grey sand, or reddish-brown with minute pieces of convex shells, 
or of any quality without oaze, in such case you must be upon or to the 
northward of 50° 17', or upon or to the southward of 49° 38', and in the 
fairway of the Channel. 

Should the weather be thick, do not approach Scilly within the 
depth of 56 fathoms, as you will not then be more than 3 leagues from 
the rocks. 

The Faikway of the Channel, when eastward of Ushant or the 
Lizard, should always be considered as within the limits of 4 and 
8 leagues from the English coast, if the wind will permit ; not only 
in consequence of the dangers which exist on the opposite coast, but 
because the soundings increase and decrease more progressively on the 
English coast than on that of France, insomuch that, with reference to 
the above limits, the depths of water between the different meridians 
may be calculated upon with certainty in the undermentioned propor- 
tions, viz. : — 

^tri^LkLd^^'^^*"} ^^^^^ ^^^'^^ Start ... 2 faUioma every 5 leagues. 

„ Start ... „ Lyme Begis . 3 fiithoms every 4 leagues. 

„ Lyme ... „ Portland . . No variation. 

„ Portland . . „ Dunnose , . Varying from 28 to 36 fths. 

A dose attention to the peculiar character of the soundings, together 
with the remarkable ripplings and overfalls which so imiversally pre- 
vail, even in the finest weather, off the French shore, will always de- 
monstrate your position, as to whether you are northward or southward 
of the Channel Fairway. 

When to the eastward of the Start, if the water deepens from 37 to 
40 fathoms, to 50, 55, or 60, conclude yourself to be in the stream or 
parallel of the Casquets, and you should, therefore, haul to the north- 
ward in order to regain the Fairway as quickly as possible, to avoid 
the influence of the GFulf of Avranches and Channel Islands. 

Best Limb of Approach. — ^Vessels bound into the Channel from the 
south-westward should run well to the northward, when eastward of 
the meridian of 10®, until oaze forms part of the soimdings; and all 
vessels bound there from the north-westward should, for the same rea- 
son, borrow well to the southward, when eastward of that meridian, 
until the soundings are free from oaze ; thus infallibly insuring a safe 
parallel, in the first instance, whereon to run eastward ; and as during 
the prevalence of strong southerly and westerly winds, the tides are 
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warped more astream than iisual, and found to run considerably longer, 
as well as with greater velocity, between the north and west, than «fe 
other periods, it is recommended (having in view the preservation of any 
particular parallel) that, when running from the edge of soundings 
towards the Channel during spring-tides, and with the wind blowing 
strong from between south and west, the course should be taken at 
S.E. by E. instead of, as usual, S.B. by E. i E. 

XJsHANT. — This is an island four nules long and two broad, and is 
nearly in the same longitude as the Lizard ; therefore, a ship being 
abreast of either of these places may be considered to have entered the 
British Channel. In the parallel of Ushant, and i6 leagues distant, 
you will have 70, 71, or 72 fathoms, the bottom a coarse pale-yellow, 
having a mealy substance with broken shells, and a substance like chaff. 
At 9 leagues distant, in the same parallel, there are from 63 to 66 
fSathoms ; and even within three leagues, the same depth — ^therefore, in 
thick weather, come no nearer to Ushant than 70 fathoms. 

The North-West Stream — or, as it is termed by many, "The In- 
DRAuaHT of the British Channel " — often runs at the rate of ij mile an 
hour or more ; and in light winds and thick weather, when observations 
cannot be obtained, the utmost care is requisite in proceeding for the 
Channel, in order to satisfy yourself that this current has not thrown 
you into an imsafe parallel. 

DntEOTiONS. — ^When running up Channel during the night, or in 
thick weather, do not approach Scilly within 60 fathoms, as you will 
not, in that depth, be more than 5 leagues from the islands : neither 
come into less water, when between Scilly and the Lizard, than 44 
fathoms, by which precaution you will pass at least 2 miles to the 
southward of the stream of the Wolf, the parallel of which cannot be 
approached eastward or westward of the rock, so long as you preserve 
that depth. Li the parallel of. the Wolf there is 38 fathoms, and from ' 
34 to 37 fathoms between it and the land. At 5 leagues W.S.W. of 
Scilly; the soundings will be 56 to 58 fathoms; and as you approach 
toward the Lizard from this position, it shoals to 44 fathoms at 4 
leagues distant, and 5 1 fathoms at 8 leagues from it, and on its meri- 
dian. Sand and coarse gravel, with small stones, is the general character 
of the bottom between Scilly and the Lizard. 

Li proceeding to the eastward from the Lizard during the night, 
keep the lights in sight to the southward of the Beast. This precau- 
tion will lead at least i^ mile to the southward of Black Head, and 
direct to the Eddystone. Li thick weather come no nearer the Lizard 
than 47 fathoms, as a vessel will then be only 6 or 7 miles distant 
from it. 
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The course, £rom any position off the Lizard to a corresponding 
position off the Start, is about E. f S., distance 2 1 leagues. Between 
these headlands, do not go into less water than 42 fathoms, by which 
precaution you will pass at least 5 miles to the southward of the Eddy- 
stone, the parallel of which cannot be approached eastward or westward 
of that rock so long as that depth is preserved. In the stream of the 
Eddystone there are from 34 to 37 fathoms ; the ground in the former 
depth consists of coarse and of fine sand, but in the latter a sort of 
dark-greenish oazy sand, and extends nearly i o miles in a westerly 
direction, and 4 miles in a southerly direction. Endeavour to round 
the Start Point within the distance of 5 or 6 leagues, or in 38 and 39 
fathoms ; by which means you will avoid the Channel Islands' indraught, 
even during the period when its effects are most to be apprehended — 
that is, between low water and 5 hours' flood. 

From any position off the Start to a corresponding one off Portland, 
the course is E. ^ S., distance 49 miles ; and from any position off the 
Start to a corresponding position off St. Catherine's Point, the course 
is about E. by S., distance 93 miles. By altering the courses succes- 
sively between the meridians of the different headlands, as a vessel 
advances up the Channel, she will better counteract the direct effects 
of the stream. When navigating between the Start and Portland, do 
not approach the shore within the depih of 30 fathoms until the meri- 
dian of Portland is passed ; and when between Portland Bill and St. 
Catherine's Point, go not into less water than 25 fathoms. The former 
precaution will keep a vessel to the southward of the Shambles and 
the Bace, as well as in the fair stream of the tide ; and the latter will 
prevent her from experiencing the strong indraught caused by the flood 
running into Christchurch, the Needles, and Freshwater Bays, the 
duration of which is considerably prolonged by southerly and south- 
westerly winds. The depths of water, however, to the south-westward, 
southward, and south-eastward of tlie Casquets, within the supposed 
radius' of 3 leagues, do not materially differ with those in similar di- 
rections from Portland ; so that it is possible in bad weather, under a 
combination of disadvantageous circtimstances, for the former to be 
mistaken by a stranger for those of the latter, particularly if hazy 
weather intervene, so as to prevent the revolving lights of the Casquets 
from being distinguished, unless, indeed, soimdings were accidentally 
struck on a bank which lies S.S.W. from the Casquets. For it must 
be recollected that there are six different positions in which the three 
lighthouses on the Casquets will appear as two only, the first of which 
is only removed 2 points from the bearing of those on Portland — ^viz., 
N.W. f W. or S,E. f E., E. f N. or W. f S., N.E. }E. or S.W. J W. ; 
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secondly, that the variation in tlie distance from the Lizard to Portland, 
and from the Casquets, does not exceed 7 or 8 miles ; and lastly, that 
this is the norrowest part of the Channel westward of Beachy Head. 
Should a stranger, therefore, be placed in such a predicament during 
a winter's night, between the periods of low water and three-quarters 
flood, with a gale between N.W. and S.W., the consequences may 
easily be anticipated. This is a strong and unanswerable argument 
for a uniform and constant progressive attention to the lead from the 
instant of first striking soundings, by which such a disastrous situation 
can alone be successfully avoided.* The Casquets bear from the Start 
Point S.E. i S., and from the Bill of Portland S. by W. J W., 48 miles. 

The course from any position off Portland to a corresponding position 
off St. Catherine's Point, is about E.S.E. ^ E., 45 miles ; and from 
thence to Beachy Head, E. by S., 60 miles. In the latter interval, a 
vessel should not approach the shore within the depth of 25 fathoms; 
by which precaution she will pass without or to the southward of the 
Elbow of the Owers, and also preserve the fair Channel tide. 

Between the Isle of Wight and Cherbourg, the soundings, with 
reference to the Channel Fairway, are so irregular, that the course for 
a running ship cannot be designated with that degree of precision 
which the narrow limits of the Channel require: at the same time 
these transitions from deep to shoal water will be equally in favour of 
a working ship, or of one crossing the Channel. The general quality 
of the bottom to the southward of the fairway is coarse, loose, imcon- 
nected, or rocky; the stones are in general covered with a reddish 
incrustation. Within 1 5 miles of the coast of Hampshire and Sussex, 
the soimdings become finer, being chiefly sand mixed with flne gravel, 
which continues as far eastward as Beachy Head. 

The groxmd between Beachy Head and Dungeness is, generally 
speaking, shoal as well as flat ; nevertheless, the depths from the offing 
towards the shore decrease so regularly, that the land to the westward 
of Dungeness can be made with safety, in the thickest weather, by 
the lead. 

The course from Dungeness to the South Foreland is E.N.E. J E., 
and the distance 20^ miles, the depth of water varying from 17 to 13 
fathoms. Whether turning to windward in tliick weather, either up 
or down Channel, between Dungeness and the Foreland, do not stand 
in shore into less than 1 2 fathoms ; which will keep her to the south- 
ward of the banks near Dimgeness, and of the rocks off Folkestone. 



♦ The Channel Pilot. Part I. Printed for the Hydrographic Office, Admiralty, 
»iid sold by J. P. Potter, 31, Poultry, London, 
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Between half-flood and half-ebb, a vessel may stand freely off, bearing 
in mind, however, that there are not more than 1 7 feet at half-ebb on 
the Eidge ; but after half-ebb, all vessels should endeavour to keep 
between the Vame and the English coast, by tacking n6ar the Vamfe, 
when the South Foreland lighthouses bear N.E. ^"N. In standing in 
shore at night, between Hythe and Eastware Bay, go about when the . 
Foreland lights are shut in by Shakspeare Cliff; off Folkestone, th6 
helm should be put down when the high light disappears.* 

The Bishop Eock bears from St. Agnes W. i N., 4^- miles. 

Dangebs near the Land's End. — The Eunnel Stone, Wolf Bock, 
Longships, and Seven Stones. 

The Wolf Eock lies E.S.E. f E., 21 miles from Scilly Lighthouse, 
23 miles W.N.W. from the Lizard Point, and is only i J mile to the 
northward of a supposed straight line drawn from the former to the 
latter. The Longships light bears from it N.E. i N., 7 J miles. 

The Wolf is very steep on all sides, and is awash at high water neap 
tides, though covered on spring floods. A light has to be built on this 
rock. 

Seven Stones, a cluster of rocks, lying N.N.W. and S.S.E., about a 
mile in extent, with 3 S to 40 fathoms at a mile distant, in all directions. 
In navigating this channel, the lightvessel should be kept westward of 
north, when going to the northward ; and westward of south, when 
going in the contrary direction. 

Eunnel Stone — S.S.E., 4 miles from Longships ; when the liglit is 
visible you are clear of the Exmnel Stone Eock. 

The Stags — off the Lizard ; they extend to nearly half a mile from 
the coast, and have from 5 to 9 fathoms close-to and among them. 

Manacles Eooks. — Some of the rocks are barely covered at high 
water. They lie S.S.W., 5^ miles from Pendinnis Point; S. hj E., 3 
miles from the entrance to Helford ; and E.N.E., 3 miles from Black 
Head. 

The eastern land of the Lizard (the Beast), open of Black Sead 
W. by S., clears you of the rocks about a mile. At night the Lizard 
lights kept in sight, clears you 3 miles to the southward. 

Falmouth. — The lighthouse is on St. Anthony's Point, at the east 
side of the entrance ; some rocks extend a short distance off it. 



* In nmning up Channel, during thick weather, strangers are often at « loss to 
know whether they are to the eastward or westward of Dover ; but there are certain 
distinctions in the clifGs which afford the pilots the necessary information in hazy or 
misty weather, and which it is desirable all seamen should know. To the westward 
of Dover, the cliffs present a smooth white surfiice, with smfdl patches of ditrk gvfiss i 
whilst to the eastward, they ar« marked witix vertical skata of flint, 
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Old Wall, or Pinnacle Bock, of 26 feet, lies i^ mile from St. 
Anthony's Point ; marks — ^Milor or Pennarrow Point, midway between 
St. Anthony's Point and the extremity of the rocks running out from 
it, bearing N. i W. When on it, St. Maw's Castle is hid by St. 
Anthony's Point. 

Having passed the Lizard, bound to Falmouth, keep the Lizard 
lighthouses open of Black Head imtil St. Anthony's Light (flashing 
every 20 seconds) bears N.N.E., which clears the Manacles. If you 
are only going to the outer anchorage, steer up, with St. Anthony's 
bearing NiN.E., until within about 2 miles from it ; then keep more to 
the N.W., and anchor, as convenient, in 8 or 10 fathoms, with the light 
about N.E. by E. : the harbour will then be open, in case the wind 
should get roxmd to the eastward. 

At the entrance at Falmouth, there is the Black Boc^, which dries, 
with a beacon on it ; it lies nearest the west shore : vessels may pass 
on either side of it, but the east side is the better passage. In pro- 
ceeding to Carrick Boad, keep in the fairway, and the lead going, as 
there is a narrow, deep channel all the way of 16 to 18 fathoms. You 
may borrow on St. Maw's side in 5 or 6 fathoms ; or, steer up with 
Elillaganoon House in line with Pennarrow or Milor Point, N. i E., 
which leads in the centre of the channel, between the black buoy on 
the east side, and the white buoy on the west side of the narrowest part 
of the channel. When past the buoys, you may anchor in Carrick 
Boads in 1 2 to 18 fathoms. 

KoTB. — Vessels drawing not more than 18 feet, can use the channel westward of the 
Black Hock at all times of tide. Take the centre of the channel, and steer K.E. by N. 

The XJddeb Book. — ^It lies 4J miles W. J N. from the Loo Island, 
and is dry at low spring tides. 

The ELkiTD Deeps lie N.W. ^ N., 3J miles from the Eddystone, with 
22 feet water on them ; and the East Butts, E. by S., i i miles ; and 
from the Mewstone, S. by E. J E., 7 miles. 

Pear-teeb Eocks and Sunken Eocks off the Staet. — The former 
of these are partly visible, and lie within three-quarters of a mile west- 
ward of the Start Point, and a less distance off the Pear-tree Head ; 
the Sunken Eock is nearly a quarter of a mile east of the Start ; to be 
safe, give the point half a mile berth. 

The Skerries off the Start. — The S. W. end is four-fifths of a mile 
E. ^ S. from the lighthouse ; it thence extends 3^ miles in a N.E. by 
E. i E. direction. Prawl Point, open of Start Point W. J N., leads 
southward of them. At night keep outside of 20 fathoms water. 

ToRBAY. — From Berry Head to Hope's Nose is N.N.E. J E., 3 miles. 
Berry Head is bold-to, but the Orestone should uot be approached 
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nearer than 2 cables. The Nimble Eock, with 4 feet, lies S. 50° E. 
(true) from Froward Point, one-third of a mile. The Start light open 
on either side of East Blackstone, clears it. 

The anchorage is in 6 to 8 fathoms, sand and clay ; Brixton Church, 
on with the pier, about S.W., and Berry Head from 8. to 8.8.E., or 
further to the northward towards Torquay, in fine weather. 

Portland Kage and Shambles. — The west end of the Shambles is 
2 J miles from the pitch of Bill of Portland, S.E. i E. ; its eastern end 
from ditto E.S.E., 4^ miles: the shoalest part (11 feet) 'is near the 
centre. 

Wyke Church (Eegis) well open to the northward of the N.E. point 
of Portland N.N.W. i W., leads to the eastward of the shoal in 12 
fathoms ; at night pass in 14 fathoms. 

To go between the Eace and Shambles, bring Portland lights in one, 
N.N.W. i W., until the N.E. point of Portland bears N.N.E. i E. to 
N.E. ; then run along shore in from 9 to 14 fathoms. 

Note. — ^During the N.E. stream of tide, it will be necessary that the highest or 
north- westernmost light should be kept open to the southward of the lowest or south- 
easternmost light to counteract its effects, as it sets directly for and with great velo- 
city over the Shambles, and the south-western stream sets as strongly into the Eace. 
This channel should never be attempted without a commanding breeze. 

Anohoragb in Portland Roads. — ^You may now anchor within the 
breakwater, in from 3 to 8 fathoms. Round the vessel (bears a red 
light at night), which is moored oS the end of the works, and anchor 
where convenient, lying snugly sheltered from S.E. gales. 

Needles Channel and Buoys. — The Needles Light is exhibited from 
the Tower on one of the Needles Rocks. The light is about 80 feet 
above high water. 

Hurst Lighthouses are situated on the low point of Hurst Beach ; 
the highest is 66 feet above the level of the sea. They are painted red, 
with a red beacon near them. 

The Shingles Bank extends W.S.W. and E.N.E., about 3^ miles in 
length ; and from its S.W. extremity. Hurst Castle bears E.N.E. about 
3 J miles. This part is connected with the Isle of Wight by a ledge 
called the Bridge^ on which the greatest depth at low water spring tides 
is 5 fathoms, one-third of a mile from the Needles Rocks there are only 
3 fathoms. Three buoys are on the S.E. side of the Shingles. 

The red S.W. Buoy of the Shingles, with bell, lies in 5 fathoms, a 
quarter of a mile westward of the tail of the shoal; its marks being the 
red beacon on Hurst Point in one with the High Lighthouse E.N.E. , 
and the Needles Rock lighthouse S.E. by E. J E. 

Elbow Buoy (striped black and white), in 6 fathoms ; marks — Hurst 
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High LiglitlioiisG E.N.E., Needles Lighthouse nearly S.S.W. JW., and 
Sconce Point E. i N. 

N.E. Buoy (chequered red and white), in 5 fathoms ; marks — Hurst 
High^ghthouse N.E. by E. i E., and Needles Lighthouse S.W. i W. 

Warden Ledge Buoy (black), in 5 fathoms; marks — Sconce flagstaff, 
over the low part of Cliff's End, E.N.E. J E. ; and Lymington Churchy 
touching the point of Hurst Beach, N.N.E. J E. The Needles white 
light bearing S.W. by W. to S.W. by W. i W., clears the 'Warden 
Ledge. 

Note. — A vessel cannot steer a direct course from the Elbow to the N.E. buoy, as 
she would shoal into 9 feet. 

Vessels Bound to the Needles Channel. — Being off Portland about 
4 miles, with the lighthouse N.N.E., a course E. I S., distance 34. miles, 
in fine dear weather, guarding against the tide, will take you up to the 
S.W. buoy of the Shingles, passing Durlestone Head about 2 miles off. 
Avoid, in the day time, bringing Nodes* beacon to the northward of 
the Needles Point to clear the Shingles, imtil Hurst Lighthouses are in 
one, bearing N.E. by E. J E., then run over the Bridge with that mark. 
By night do not bring the Needles Eock light to the southward of 
E.S.E., or lose the white light until Hurst High Lights are in one, 
bearing N.E. by E. ^ E., then run over the Bridge with that mark, and 
when the Needles Light is S.S.W., keep Hurst High Light a little open 
to the eastward of the Low Light ; steer up the channel with the latter 
mark, and take care not to lose sight of the white light in the Needles 
Lighthouse, for should you open the red light you will be near the 
Warden Ledge ; from thence continue mid-channel between Hurst and 
Sconce Points. 

In going out Hurst Lights should be kept open. 

Sailing into Spithead and St. Helen's by Night. — ^Keep St. 
Catherine's Light in sight until the Nab Light bears N.N.E. ; then 
steer for the Nab Lights, passing a little to the eastward of the lights. 
If going to St. Helen's Beads, steer to the N.W. ; anchor in 6 or 9 
fathoms, with the Nab Lights S. by E., or S.S.E. 

If bound to Spithead, bring the Nab Lights to bear south ; steer up 
until the Warner revolving light (every minute) beaxs N.W. J N. to 
N.W. by N. ; then steer for it, passing on the north side of it ; then, 
by keeping the Nab Lights just open westward of the Warner light, 
it will take you into Spithead. 

Working into Spithead. — Stand towards the Dean Tail and Elbow 
into 7 fathoms ; to St. Helen's Road 8 or 7 ; to the Warner, 1 5 or 14 ; 
to the Elbow, 9 or 8 ; to the Horse, 15 ; and to No-man's Land, 17 
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fathoms. When standing towards the Warner and No-man's Land, 
tack the first shoal cast, it being steep-to, and the western tide sets 
over them. 

The Owbrs. — ^The Owers lie off Selsea Bill. When to the westward 
of the lightvessel, do not bring it to bear eastward of 8.E. by E. ; if 
firom the eastward, keep it to the northward of W. by N., and go into 
not less than 10 or 12 fathoms. Pass to the southward of the light. 

EoYAL Sovereign and Horse Shoals, off Beaohy Head. — Sea- 
ford Cliff kept in sight to the southward of the pitch of Beachy Head, 
win lead at least 2 miles to the southward of the Southern Head. A.t 
night, vessels coming from the eastward will open Beachy Head Light 
to the southward of Beachy Head Cliffs, when it bears N.W. f W. ; 
and whether bound up or down Channel, when to the eastward of 
Beachy Head, and within 9 miles of it, by keeping the light open they 
will pass about a mile to the southward of all the Boyal Sovereign 
Shoals. 

Stephenson's Shoal. — The eastern end lies 3 J miles W. i S. from 
Dungeness Lighthouse. To avoid this shoal, keep Shakspere's Cliff, 
near Dover, open to the southward of the lighthouse. There are 3 or 
4 feithoms on Stephenson's Shoal, with 4 or 5 fathoms around it. The 
South Foreland and Dungeness Lights in one, lead three-quarters of a 
mile to the southward ; or, the latter E. by N., northerly. 

To Anchor in Dungeness West Bay, which shelters from all 
northerly and N.E. winds, bring the lighthouse to bear E. ^ S., and 
Fairlight MiU open of the church of that name. You will have 6 
fathoms, and a good berth for starting, in the event of a change of 
wind. Vessels of light draught of water can go much nearer to the 
beach ; eastward of Stephenson's Shoal, and towards the lighthouse, it 
is steep-to— 12 and 14 fathoms close to the shore. 

Dungeness East Bay affords good shelter to vessels of all classes, 
in from 4 to 1 2 fathoms, upon pretty good holding ground, with the 
wind between N. by E. and S.W. The dangers in this bay are the 
Boar and Swallow Banks. On the latter, which lies N.E. f E. from 
Dungeness 3 miles, there are from li to 3^ fathoms ; but on the Boar, 
which is very shallow between Dym Church and Lydd, there is as little 
as 9 feet. A black buoy is placed in 3 fathoms, called Newcombe, i^ 
mile to the N.E. of Dungeness. To the N.E. of the Boar, the Bank 
continues until about Hythe, having on it from 3^ to 4^ fathoms, at if 
mile from the shore, all good anchoring ground. Vessels would have 
a good berth in 6, 7, or 8 fathoms water, with the wind to the north- 
ward of E. by N., abreast of the Castle at Sandgate, and Folkestone 
pier-clock open of Mill Point. 
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Thb Varne 18 a shoal running in a N.E. by E. and S.W. by W. 
direction, and is about 4-J miles in length, between the depths of 7 
fathoms at each end ; its breadth varying from a half to three-quarters 
of a mile. The shoalest part (9 feet), about a mile from its N.E. end, 
bears S.S.W. J W., 9 miles from the South Foreland ; and S.W. by W., 
8 J miles from Dover Castle. A large red beacon buoy is moored in 1 3 
fathoms, near the north-east end of this shoal, with Folkestone Church 
bearing N.W. i N., and South Foreland high lighthouse N.N.E. ; and 
its south-west end is pointed out by the lightvessel, which exhibits a 
quick revolving red-light, and lies in 16 fathoms water, with Dunge- 
ness lighthouse W. by N. i N., and Folkestone Church, North. 

The Bidge is about 9 miles in length, and 2 broad ; its shoalest part 
(6 feet) is 3 miles from the S.W. end. From this, Dover Castle bears 
N.N.E. , 16 miles; Dungeness Lighthouse, N.W. f W., 13J miles. 

Anchorage in the Downs. — Upper Deal MiU on with Deal Castle 
W.S.W. i W., and the South Foreland upper light on with the south 
side of 01d-st€drs Point S.W. J W., in 7 or 8 fathoms ; or with Upper 
Deal Mill to the northward of Deal Castle W.8.W., and the Upper 
Foreland Light to the northward of Old -stairs Point. 

A Vessel, in the Downs, parting her cable, or obliged to slip 
during a southerly gale and run through the Gull stream, must do so 
by bringing the South Foreland high lighthouse in one with the middle 
of Old-stairs Bay, bearing S.W. J W., and pass to the westward of the 
Gull Stream lightvessel ; from thence she should steer to the N.E., 
with the lightvessel in one with the South Foreland lighthouse, or the 
lightvessel bearing S.W. i W. ; and when the North Foreland light- 
house bears N.W., or the North Sand Head lightvessel S.E., she may 
haul out to the eastward and lie-to in 18, 19, or 20 fathoms, taking 
care, in running through the stream, to come no nearer the Brake than 
7 fathoms, nor to the Goodwin than 1 1 fathoms. While at the back 
of the Goodwin, do not come under 30 or 28 fathoms, nor bring the 
GFoodwin lightvessel to the eastward of north, u^til you bring the South 
Foreland l^hts in one, W. by N., when you may pass the South 
Sand Head lightvessel close-to on either side, and proceed to the 
anchorage in the Downs. 

Working Out of the Downs. — Cast towards the shore, if convenient, 
to get the first of the ebb ; stand towards Deal, in 7 fathoms ; tack 
before the Hope Sand comes on with Cap Point, to avoid Deal Sand ; 
stand towards the Goodwin to 1 2 fathoms, or till the South Sand Hdad 
lightvessel bears S.S.W. fW., but not more westerly; towards Walmer, 
into 9 or 8 fathoms ; and to the South Foreland 1 2 or 11. 



*9S 

INVOICES. 



Inyoice. — ^An account of goods sent by merchants to their correspon- 
dents at home or abroad, in which the peculiar marks, the numbers, 
the value,, and contents of such packages are set forth ; as also charges, 
such as freight, insurance, &c. 



MANIFEST. 



Manifest. — ^A document, signed by the master, containing the name 
or names of the place or places where the goods on board have been 
laden, and the place or places for which they are respettively destined ; 
the name and tonnage of the vessel ; the name of the master, and the 
name of the place to which the vessel belongs ; a particular account 
and description of all the packages on board, with the marks and 
numbers thereon ; the goods contained in such packages, goods stowed 
loose, the names of the respective shippers and consignees, as far as 
such particulars are known to the master. The manifest must be made 
out, dated, and signed by the jnaster, at the place or places where the 
goods, or any part of the goods, are taken on board. 



BILLS OF LADING. 



Bills of Lading. — ^An acknowledgment, signed usually by the master 
of a ship, but occasionally by some person acting on his behalf, certify- 
ing the receipt of goods on board the ship, and engaging, imder certain 
exceptions, to deliver the said goods safely at the port to which the ship 
is boimd, either to the shipper or to such other person as he may signify 
by a written assignment upon the bills of lading, on the payment of 
the stipulated freight. 

The exceptions in a bill of lading are — ^tl^e act of God, the Queen's 
enemies, fire, and all and every other accidents and dangers of the seas, 
rivers, and navigation of whatever kind or nature soever. Sometimes 
these exceptions are limited in particular trades ; thus, in the trade to 
and from the West Indies, the following limitation is added : ** save 
risk of boats, so far as ships are liable thereto ; " but the exception 
does not make the owner or master liable for a loss in the boats to 
l^hich they would not be liable in the ship to which the boats belong. 
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Although the goods are shipped in pursuance of a charter-party, jet 
the master must sign bills of lading — ^the former being the instrument 
and evidence of the contract for the shipping and conveyance ; and the 
latter being the evidence of and title to the particular goods 8hij)j)edfor 
conveyance under that contract. 

On delivery of the goods on board, the master or his mate signs a 
common receipt for them, which must be returned to the master, or 
cancelled, on the bills of lading being delivered. BiUs of lading ought 
to be signed within 24 hours after the delivery of the goods on board, 
the nraster having satisfied himself as to the quantity shipped and the 
condition in which they are shipped. The bills of lading should always 
be read previous to signing, as objectionable clauses might be inserted. 

Three stamped bills of lading are usually made out — one for the 
merchant or shipper ; another (which is sent by post) for his agent or 
consignee ; and a third is retained by the master for his own use and 
security, and for his guidance in delivering the goods. 

When the quantity, quality, or condition of the goods, or the contents 
of the casks, bales, or packages, are imknown, or the goods are liable 
to deterioration, the master ought to qualify his obligations in the bills 
of lading, by writing under his signature, " Quantity and quality," or 
"Contents unknown," or "Not liable for deterioration." 

When the ship is hired by a charter-party, the bills of lading are 
delivered by the master to the charterer ; but when goods are sent by 
a general ship* (that is, one in which the goods of several imconnected 
parties are laden, to be conveyed to the ship's port of destination), each 
person sending goods on board receive bills of lading for the same. 

Upon delivery the goods at the port of destination to the shippers' 
factors, or assigns, the giving up of the bills of lading sent to the 
factors or assigns is a sufficient discharge ; but the master may insist 
on a receipt. 

Bills of lading a^e transferable, either by blank or special endorse- 
ment, like ordinary bills of exchange; and the master is bound to 
deliver the goods to the holder producing the endorsed bill, who has 
acquired a legal right to it. 

In case several parties' daim the goods, or where there is a doubt as 
to who is entitled to delivery of them, the master should lodge the 
goods in the custody of a wharfinger or warehouseman, so as to pre- 
serve his lien for the freight ; and he should do the same if no such 
bill of lading is produced to him during the lay days, or the demur- 

* In billa of lading of a general ship to consignees in England from consignorfl 
abroad, in order to have a remedy for demurrage, take care to have insert^ the 
clao«i»— *' Ck>n8igneeB paying freight and demurrage/' 



GHAETEB-FABTY. 297 

rage days, when they are fixed ; and then he should apply for a judicial 
authority to sell as much of the cargo as will pay the freight and charges. 



CHAETEE-PAETT. 



Chabter-party. — The name given to a contract in writing, between 
the owner or master of a ship and the jfreighter, by which the former 
lets the ship, or part of the ship, under certain specified conditions, 
for the conveyance of the goods of the freighter to some particular place 
or places. Generally, however, a charter-party is a contract for the use 
of the whole ship. 

No precise form of ^ words or set of stipulations is requisite in a 
charter-party. The forms of charter-party may, and indeed in many 
cases must, be varied to suit the views and intentions of the party con- 
cerned. 

A charter-party specifies the nature of the voyage, and expresses 
the terms on which the cargo is carried. The usual stipulations on the 
part of the owners or masters are, that the ship shall be tight, staunch, 
and strong, and in every respect seaworthy ; well and suf&ciently found 
with all the tackling, apparel, furniture, and provisions requisite, and 
with the proper complement of crew for the voyage ; that the ship shall 
be ready by a day appointed to receive the cargo, and wait a certain 
number of days to take it on board ; that, after lading, she shall sail 
with the first fair wind and opportunity for the port of destination (the 
dangers of the sea excepted), and there deliver the goods to the merchant 
or his assigns in the same condition they were received on board ; and 
further, that during the course of the voyage the ship shall be kept 
tight and staunch, and furnished with su£B.cient men and other neces- 
saries, to the best of the owner's endeavours. On the other hand, the 
merchant usually covenants to load and unload the ship within a limited 
number of days after she shall be ready to receive the cargo, and after 
arrival at the destined port ; and to pay the fii^eight in the manner ap- 
pointed. It is usual, also, for each of the parties to bind himself in 
penalties for non-performances of the covenants, articles, and agree- 
ments in the charter-party ; it is signed by the contracting parties and 
a witness. 

A charter-party is generally imder seal ; but sometimes a printed or 
written instrument is signed by the parties, called a memorandum of ft 
QQ 
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eharter-party : and this, if a formal charter-party be not afterwards 
executed, is binding. But in whatever form the writing may be, it 
must bear a stamp, in terms of the Stamp Act. 

A charter-party when the ship is let at the place of the owner's 
residence, is generally executed by them, or some of them (and fire- 
quently by the master also), and by the^ merchant or his agent. In a 
foreign port it must necessarily be executed by the master or the 
owner's authorised agent (if such there be), and the freighter or his 
agent. 

A charter-party executed by the master in his name, when he is in a 
foreign port, in the usual course of the ship's employment, and there- 
fore, imder circumstances which do not afford evidence of fraud, or 
when it is executed by him at horiie, under circumstances which afford 
evidence of the expressed or implied assent of the owners, is binding 
upon the owner. 

The freighter may load the ship either with his own goods or with 
the goods of another, or he may re-let the whole or part to others, pro- 
vided there is no clause in the charter-party prohibiting him from so 
doing. 

The charter-party usually expresses the burden of the vessel ; and, 
in so doing, care should be taken to state it according to the actual 
number of tons burden, or to the number in the certificate of registry. 

The usual covenant, that the ship shall be seaworthy, and in a con- 
dition to cirry the goods, binds the owner to prepare and complete 
everything to commence and fulfil the voyage. 

The • vessel must be properly dunnaged, agreeably to the usages of 
the trade in which she is engaged, or according as the nature of the 
cargo may require ; and in the stowage of the cargo, the various articles 
must be arranged and placed in the most approved method, so as to 
prevent damage. 

In all maritime transactions, expedition is of the utmost consequence 
— for even by a short delay the object or season of a voyage may be 
lost ; and therefore, if either party be not ready at the time appointed 
for the loading of the ship ; the other may seek another ship or cargo, 
and bring an action to recover the damages he has sustained. 

If the charter-party stipulates for a full and complete cargo, the 
master must take on board as much as he can, with safety and with- 
out injury to the ship ; and the freighter is bound to fumivh the same, 
either of his own goods or the goods of others. 

The master must not take on board any contraband goods, or have 
in his possession any false or colourable papers, and so rendering the 
ship liable to seizure ; but he must take and keep on board all the 
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papers and documents required for the protection of the ship and cargo 
in all the countries to which he is trading. 

If the master receive goods at the quay or beach, or send his boat for 
them, his responsibility commences with the receipt of them. With 
goods intended to be sent coastwise, the responsibility of the wharfinger 
ceases upon the delivery of them to the mate of the vessel, upon the wharf. 
As soon as he receives the goods, the master must provide adequate 
means for their protection and security. 

After the vessel has been fully loaded, cleared at the Custom-house, 
and all the .requisite Customs and other documents on botjd, and all 
other charges paid, the master must, as soon as the weather permits, 
commence the voyage without delay ; but not so as to sail iiito tempes- 
tuous weather, or during a gale. 

During the time of war, it is a usual stipidation that vessels shall 
sail with convoy : under this obligation, the master must repair to the 
place of rendezvous in proper time, and be careful to procure all the 
instructions issued by the commander of the convoy ; and if the master 
neglect to proceed with convoy, he will be answerable for all losses that 
may arise from the want of it. 

Having commenced the voyage, the master must proceed to the port 
of destination without delay, and without stopping at any intermediate 
port, or deviating from the straight course of the voyage, unless in case 
of convoy, which the master must follow as far as possible. A deviation 
from the usual course may be justified for the purpose of repairs, or 
for avoiding an enemy or the perils of the sea, as well as by the sick- 
ness of the master or seamen, and the mutiny of the crew. 

It is usually stipulated in charter-party and bills of lading that a 
certain number of days, called lay days shall be allowed for loading 
and discharging the cargo; and that the freightei^ may detain the 
vessel for a further specified time on payment of a daily sum for such 
over-time (demurrage J. If the vessel be detained beyond the two 
designated periods, the freighter is liable to an action on the contract, 
although the delay may not be attributable to any fault or omission on 
his part. 

The lay days are either running days, including every day — or work- 
ing days, excluding Sundays and Custom-house holidays — or weather 
working days. The charter-party should specify wheilier they are 
working or rimning days.* 



♦ In London, " days " means " working days," and Sundays and holidays do not 
count until the i^bip is on demurrage. After that, all days count* 
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Notice should be given every day tliat the ship is on demurrage, and 
the amount of demurrage due claimed. On Saturday, the demurrage 
for the following Sunday should be claimed. 

When no lay days are specified, the length of time for loading and 
unloading must be determined by the nature of the cargo, or by the 
usual and customary time allowed at the port. 

If any clause of the charter-party is ambiguous, the interpretation 
should be liberal ; or if the charter-party is silent in respect to any 
point, the usage of the trade in which the ship is Employed must be 
adopted. 

By an exception in the charter-party — ^not to be liable for an injury 
arising from the act of Qrodi, the Queen's enemies, fire, &c. — the owner 
or master is not responsible for any injury arising from the sea or the 
winds, unless it was in his power to prevent it, or it was occasioned by 
his imprudence or gross neglect. 



FEEIGHT. 



Pbeioht. — The sum paid by the merchant or other person hiring a ship, 
or part of a ship, for the use of such ship or part, during a specified 
voyage or a specified time. 

The rate of freight is usually fixed by the charter-party or bill of 
lading ; but in the absence of any formal stipulations in reference to 
the subject, it would be determined by the custom or usage of the trade. 

In the absence of an express stipulation to the contrary, freight is 
not due until the whole cargo is ready for delivery, or has been delivered 
to the consignee in accordance with the contract for its conveyance. 

If a consignee receive goods in pursuance of the usual bill of lading, 
by which it is expressed that he is to pay the freight, he, by such receipt, 
makes himself liable for the freight. But a person acting as agent for 
the consignor, and who is known to the master to be acting in that 
character, does not make himself personally liable for the freight by 
receiving the goods, even if he should enter them in his own name at 
the Custom-house. 

If a portion of a cargo be thrown overboard for the necessary preserva- 
tion of the ship and the remainder of the goods, and the ship afterwards 
reach the place of destination, the value of this part is to be answered 
to the freighter by way of general average, and the value of the freight 
thereof allowed to the owner. Bo, if the master be compelled, hj 



FREIGHT. 301 

necessity, to sell a part of the cargo for victuals or repairs, the owners 
must pay to the freighter the price which the goods would have fetched 
at the place of destination, and therefore are allowed to charge the 
merchant with the money that would have been due if they had been 
conveyed thither.* 

If the cargo, or any part of it, is damaged during the voyage through 
the fault or negligence of the master or crew, the freighter is entitled 
to compensation, being the amount of depreciation in the value of the 
goods, less freight ; if, however, the damage arises from circumstances 
over which the master has no control, — such as the peculiar nature of 
the goods (even if this is increased by confinement in the ship), or the 
perils of the sea, the act of God, — the merchant must bear the loss and 
pay the freight. 

The time and manner of payment of freight are frequently regulated 
by express stipulations in a charter-party, and when that is done, the 
payment must be according to the agreement; but if there be no express 
stipulation contrary to, or inconsistent with, the right of lien, the goods 
may be retained until the freight is paid,f for the master is not bound 
to deliver them, or any part of them, without payment of the freight 
and other charges in respect thereof. But the master cannot detain the 
cargo on board the vessel, as the merchant would, in that case, have no 
opportunity of examining the condition of the goods. When the master 
is doubtful of payment, the practice in this country is to send the goods 
to a public wharf (if there is no stipulation that they are to be delivered 
at any particular wharf), ordering the wharfinger not to part with them 
imtil fr^eight and other charges are paid. 

When a ship, before the completion of her voyage, becomes disabled 
from proceeding upon it, the master has the option, within a reasonable 
time, either to repair her or hire another — ^tranship, and forward the 
goods in the other. Upon their delivery by such means, he will become 
entitled to the freight — since the contract is for the delivery of the 
goods, not for the arrival of the ship in which they were first laden. If 
the merchant prevents or discharges him from doing this, the owners 
will be entitled to the whole freight. If the master declines to tranship, 
and, without requiring him to do this, the merchant agrees to accept 
the goods at the intermediate port, freight will be due according to the 
proportion of the voyage performed. 

♦ If chartered, but have signed bills of lading to a consignee, before you part with 
the cargo the consignee should produce the endorsed bill of lading. He should also 
undertake for payment of freight according to bills of lading, particularly if you 
have any doubt of your charterer's solvency. 

t The master cannot hold the cargo for demuxrage. 



PROTESTS AlfD SURVEYS. 



In case of damage liaving happened during the voyage, or being sus- 
pected to have happened, to ship or cargo, the master should, within 
twenty-four hours of his arrival in port, cause a Notary Public, or, in 
a foreign poi*t, the British Consul, to note a protest " against wind and 
weather," as the term is, giving the particulars of the voyage; the 
storms or gales encountered, as entered in the log-book ; protesting 
that any damage that may have happened was caused by winds, bad 
weather, &c. 

The protest need not be extended until it has been ascertained what 
is the nature and amount of damagej if any. A protest is not valid 
unless extended within six months from the date of noting. 

And when a certain number of lay days are fixed for delivery of the 
cargo, the master must await the time, or, if no lay days have been 
fixed, he must await the usual or customary time allowed at the port of 
discharge for that purpose ; and if, on the expiry of that time, the cargo 
be not fully unladen, he ought then to protest against the merchant or 
consignee, so as the ship may thereafter lay on demurrage. Similar 
protests ought to be taken at the expiry of the demurrage days ; and at 
all events, before sailing with an incomplete lading, it seems necessary 
that the master should protest against the shipper or his agent, so as to 
put these parties on their guard as to the time when, and the circum- 
stances imder which, he sailed. 

When a vessel has arrived at the port of loading, and the merchants 
who have covenanted to furnish a lading there are unwilling or unable 
to furnish a cargo on the expiration of the lay days allowed by charter, 
the master must note a protest against the merchants for non-fulfilment 
of the charter-party — after which he is at liberty to seek a freight in 
another direction, and claim compensation for loss of time, as well as 
any loss arising from his being obliged to accept a less remunerative 
freight than stipulated for in the original charter-party. It is improper 
to wait the demurrage days unless required so to do by the merchant. 

It may be necessary, while opening the hatches, before breaking 
bulk, to hold a survey, in order to ascertain whether they have been 
properly secured, as, should this not be the case, and damage through 
leakage have thus occurred to the cargo, it will have to be sustained by 
the shipowner — stress of weather having occurred notwithstanding. 

When it has been ascertained that damage has occurred, surveyors 
should be called to give a written report or certificate, as to the parti- 
culars of the damage. And in the event of the damage being repaired, 
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"the same surveyors should be called to inspect the vessel, and give a 
written report, or certificate, as to the repairs which have been executed. 
The survey report of a cargo must particularise the goods damaged, 
mentioning their marks, numbers, &c. ; and, being signed, must be 
given to the master of the vessel. 

In surveying a cargo, merchants acquainted with the nature of the 
cargo should be called as surveyors ; if in a dock, apply to the surveying 
officer. In surveying a ship, two ship-masters, or, in their absence, 
any two qualified persons, should be called as surveyors. It is not 
necessary, in either case, to dkll Lloyd's agents. 

In case of dispute on discharging, if the surveyor declare the dunnage 
insufficient, the ship is liable for the damage in tl^e bottom, although 
the surveyor may not be able to cite any authority as to what would 
have been sufficient dimnage. The general rule is, that the dunnage 
must be sufficient according to the nature and quality of the cargo. 



LLOYD'S AGENT. 



It is a very prevalent notion that Lloyd's agents have a controlling 
power over all ships in difficulties ; but this is a mistake. The master 
alone is the responsible agent for all concerned; and unless he abandons 
his charge, or his conduct is such as to cause the existing authorities to 
deprive him of the command (which can only be done with the consent 
of the consignee of the cargo), the authority of the master cannot be 
dispensed with. 



BOTTOMEY— EESPONDENTIA. 



The contract of Bottomry is a pledge of the ship as security for the 
repayment of money advanced to the master or owner, for the purpose 
of enabling him to carry on the voyage. If the ship be lost on the 
voyage, the lender loses the whole of his money ; but if the ship and 
tackle reach the destined port, they become immediately liable, as well 
as the person of the borrower, for the money lent, and also the premium, 
or interest, stipulated to be paid upon the loan. No objection can be 
made on tho ground of usury, though the stipulated premium exceeds 
the legal ra:e of interest, because the lender is liable to the casualities 
of the voyaye, and may not receive his money again. 
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When money is adyanced upon the lading, the borrower is said to 
take up money upon Bespondentia. In this distinction as to the subject- 
matter of the security, consists the only difference between Bottomry 
and Bespondentia, the rules of English maritime law being equally 
applicable to both. 

A Bottomry or Bespondentia Bond has no settled or precise form, but 
it is necessary that there be expressed the names of the lender and of 
the borrower ; those of the ship and master ; the sum lent, with the 
stipulated marine interest ; the voyage proposed ; with the commence- 
ment and termination of the risk which the lender runs. 

In the lAsLce of owner's residence, the master is prohibited from bor- 
rowing on Bottomry or Bespondentia unless with his consent. 

A vessel may be hypothecated (pledged) by the master in a distant 
port abroad — as if a British vessel in a British colony or in a foreigpi 
port ; or of a foreign vessel in this country — ^provided that the money 
to be raised is absolutely required for the repairs and equipment of the 
ship ; that he is not able to obtain money upon the present credit of 
himself and the owners ; and that he has no means of communicating 
with the owners in sufficient time to answer the purposes for which he 
makes the pledge. 

Money to be borrowed on Bottomry should always be advertised for, 
and that offered at the lowest rate of interest accepted. This regulation 
is intended to prevent the master from making any interested arrange- 
ment with the lender, and to enable the claim to be made upon the under- 
writers. 

"Where several Bottomry Bonds have been. given at different periods 
during the course of the voyage, the last in date is entitled to the priority 
of payment — on this presimiption, that the last loan advanced was the 
means of preserving the ship, and that, without it, the previous lenders 
would have wholly lost their security. 

Whenever the master may pledge the ship, he may add the security 
of the freight, and, if necessary, he may likewise pledge the cargo ; all 
of which securities are, accordingly, sometimes included in a Bottomry 
Bond over the ship, cargo, and freight. Sometimes a Bottomry Bond, 
is given as a collateral security, to be enforced only in case of the drafb 
on the shipowner being dishonoured ; with the understanding that, if 
the draft be duly accepted, no Bottomry premiums shall be exacted, 
but merely the cost of insuring the disbursements for which the bond 
was granted. If, however, the advances have been originally made on 
the security of such bills drawn by the master on the owner, or other- 
wise on personal credit, a Bottomry Bond subsequently taken would be 
null. A bond procured from the master by compulsion is void. 
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QUESTIONS 

To BE ANSWEBED BT COHMANDEBS OF StEAM YeBSBLS TJITDEB EZAMI- 

NATiON nr THE Fbaotioal Use of the Steam EKGDns. 



Explain the nature and use of the principal Yalyes and Cooks connected 
with the Boilers and Engines, commencing with the Boilers. 

BOILEE VALVES AND COOKS. 

Explain the nature and use of Safety Valves ? 

A. — ^They are conical yalyes commimicating with the boiler and 

opening outwardly; they are so loaded that when the steam in the 

boiler exceeds its proper pressure it raises the valve and escapes. 

Every boiler is tested to bear a certain amount of pressure per square inch of in- 
ternal sur&ce, but only a portion of this pressure is allowed in practice. To prevent 
explosions from the too great pressure in boilers, an apparatus is attached to ttie steam 
chesty which consists in principle of an escape tube, which is loaded with a weight 
heavy enough to confine steam and prevent its waste, but not heavy enough te allow 
a dangerous quantity of steam to accumulate in the boiler. This apparatus is there- 
fore called a " Safety viJve/' and is by law inaccessible to the engine-driver ; who, 
however, has control over another safety valve (there are frequently more than one) 
for the purpose of letting out surplus steam, &c. 

The Bevebse Valve. — ^The Reverse valve is a small loaded valve 
fitted in froni of the upper part of the boiler, and opens inwardly to 
admit air into the boiler at any tune, when by suddenly blowing off 
steam, or by the engine using the steam too freely, there might be 
danger of its collapsing by too much external pressure. 

Communication ob Stop Valves. — ^They are spindle valves which can 
be screwed tight down on its seat, or raised, as the case may be ; one 
is fitted in the steam pipe dose to each boiler, to cut off the steam from 
either one or more boilers, should it be necessary. 

Feed Valves. — They regulate the flow of the water into the boiler, 
and are fitted to the feed pipes to prevent the return of the water after 
it has been pumped into tiie boilers by the feed pumps. 

Kingston Valves. — ^They are conical valves fitted into conical holes 

in the ship's side at the end of the blow-off pipe, and have spindles 

attached, working perfectly tight through stujQGjig boxes, and cross 

handles on the inner extremities, by which the valves can be forced out 

to admit water or else allow it to pass out, but when screwed tight it 

will prevent water passing either one way or the other. 

All openings in the bottom of a steam vessel, except for the waste water pipes, are 
fitted witii ^Dgston valves, a contrivance by which in case the blowing-out cocki 
being set, the water is prevented running out of the boiler. 

Blow-off Cocks. — ^They are for blowing the water in the boilers out 
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into the sea, and also the brine which collects in the bottom of boilers. 
They are fitted at the bottom of the boilers. 

Communication Cocks. — They are used to keep the water in the 
boilers at the same level, or for shutting off the feed from, one or more 
of them. 

Thb Water Gauge Cocks.-:— For showing the height of water in the 
boilers, in case of accident to the glasses, or the cocks getting stopped. 

Glass Water Gauge is used for the same purpose as gauge cocks, 
and, from being placed near them, it may be at once seen what quantity 
of water is in the boiler. A glass tube is fixed in front of the boiler 
famished with a cock at top and bottom ; the lower cock at such a depth 
as always to communicate with the water, and the upper one communi- 
cating with the steam : when both cocks are opened together the water 
will rise in the tube to the exact height that it is in the boiler, and thus 
show what quantity is within. 

St£am Gauge is used to show the pressure of the steam md^e accu- 
rately than can be done by safety valve. It consists of a curved tube 
partly filled with mercury; one branch is open to the steam in the 
boiler, and the other to the atmosphere ; to the tube is attached a scale 
divided into pounds, and this indicates exactly the pressure of the steam 
within ; for every pound of pressure the mercury rises an inch. 

Hand-Pump por Boilers is used for filling and feeding the boilers 
when the engines are stopped, or before lighting the fires. 

ENGINE VALVES AND COOKS. 

Throttle Valves are thin circular plates fitted in steam pipe, dose 
to the cylinder, for shutting off and letting on the steam, and for re- 
gulating the quantity ; it is moved by a small lever at the side of the 
steam pipe. 

Slide Valve. — ^To -admit steam to give the necessary motion to piston 
by shutting off and admitting steam to the cylinder and condenser. 

Expansion Valves are placed between the throttle and slide valves, 
for cutting off steam from the cylinder at any required part of the stroke, 
leaving the rest to be worked by expansion in the cylinder. 

Escape Valves. — Valves for the purpose of letting off any water or 
strong steam that may be in the cylinder. 

Blow-Through Valves. — These valves are for the purpose of expel- 
ling by the admission of steam (sometimes before the engine can be 
started) the fixe4 air from the condenser and air-pump, to create a 
perfect vacuum. 

Foot Valve. — A flat plate of metal fiUing up the passage between 
the air-pump and condenser ; it opens to adjpdt water f^id air from the 
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condenser, but preyents their return on the down-stroke of the air- 
pump bucket. 

Deliyerino Valve. — A valve at the top of the air-pump for the 
purpose of preventing the return of water &om the hot well. 

Air-pump Bucket Valve. — A round valve which opens upwards 
when pressed by water in the air-pump beneath it, but when such 
pressure is withdrawn, falls shut by its own weight, so that no water 
can return which has once passed through. 

iNJEonoN Valves and Cooks. —Valves used for the purpose of re- 
gulating the flow or injection of water for condensing steam : the valves 
are fitted on the condenser ; the cock on the ship's side. 

Bilge Pump Valves and Cooks. — ^The valves are fitted to the bilge 
pumps for opening and closing as the plunger ascends or descends ; 
the cocks are fitted to the different bulkheads, for pumping from each 
compartment. 

Stop oe Sluice Valves to Discharge Pipes. — They are valves 
fitted in the ship's sides, in order to prevent water getting into the 
engines when at rest. 

Jacket Cooks. — Cocks fitted in the jacket of the cylinder, so as to 
allow the condensed steam to escape before starting. 

The Sniffling Valve. — Valves fitted at the opposite side of the air- 
pump to the condenser, and connected with the latter by a pipe under 
the air-pump ; it opens when pressed by steam entering the condenser 
by the blow-through valve. 

When the blow-through valve is open, the steam from the casing (the throttle 
valve being at the same time open, and the injection cock shut) rushes in and fills 
the condenser, and by its elastic force drives out through the sniffling or tail-valve 
any gases and water which may have accumulated in the condenser. 

BOILEES. 

1. If the safety valves were set fast, how would you relieve the 
pressure on the boilers, if the steam was up and could not make its 
escape ? 

A. — ^Keep the engine working with all the feed on, draw the fires, 
and partially open the blow-off cocks. 

2. How do you ascertain the saltness of the water in the boilers ? 
A. — By means of the hydrometer or thermometer ; the former should 

not indicate more than 20° of saltness, or the latter more than 2 1 5^ of 
heat, when the water is boiled ; also, by means of the salinometer, th» 
water should not contain more than 8 oz. of salt to the gallon. Hy- 
drometers should sink as far in boiled salt water as in cold fresh water,* 

* Common sea- water contains about i-33rd of its volume of salt and earthy matter, 
and boils at 313", and 2-33rds is the proportion that on^ht never to be exceeded, as 
incraBtatLon commenceB shortly before that point, the boihng point of which is 2i^"j, 
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3. How would you manage to change the water in the boilerSi if 
the blow-off cocks were set fast ? 

A. — ^Eun down the steam, draw the fires, unscrew the sludge-hole 
doors, and let the water run from the boiler into the ship's bott(mi. 
Clear the cocks, refill the boilers and proceed. 

4. On examining the boilers, and they are found to be thin, what 
measures would you adopt to prevent accidents ? 

A.— Work wi^ a reduced pressure of steam. 

5. How would you ke^ the boiler free from salt and incrustation? 
A. — ^By frequently blowing off. 

6. Is it reqidsite to have a hand-j>ump fitted to the boilers ; if so, 
for what purpose ? 

A. — ^Yes; to fill the boilers when the steam is not up; or in case of 
accident to the feed-pump. 

7. Explain the use of the gauge-glasses and gauge-cociksy fitted on 
the boilers ? 

A. — ^To show the height of the water in the boiler ; the fbnner at 
sight, and the latter by opening them. 

8. If the mercury was blown out of the steam gauge by the pres- 
sure of the steam in the boilers, what would you apprehend was the 
cause? 

A. — Excess of pressure of steam; or, it might be caused by the 
pitching of the vesseL 

9. What would you do to relieve the pressure of the boilers ? 

A. — Open the furnace doors, partially dose the dampers, and ease 
the safety valves. 

I o. How woidd you regulate the height or quantity of water in tilie 
boilers? 

A. — By the feed cocks. 

1 1. When the steam is up, how is the feed applied to the boilers ? 
A. — ^By the feed-pumps if the engine be in motion ; or by the hand- 

p\mip or donkey engine, if the vessel be stopped. 

1 2. When it is not up, what is necessary to be done before the fires 
are lighted? 

A. — The first thing is to run up* the boilers by opening the blow-out 
cocks, and complete filling them with the donkey engine. 

13. When the engines are stopped, what precautions are neoessaxy 
with regard to the water in the boiler ? 

A. — ^It is necessary to keep the water ptmiped up to the proper level. 

14. What is meant by a boiler priming ? 



♦ FiU th«a with water. 
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A. — ^The water passing tiirongh the steam pipe into the ejlinders. 

1 5. How would you prevent it doing so ? 

A. — ^By reducing the pressure ; and, if there is sufficient water, 
blowing some of it off and pumping in a little cold. The introduction 
of tallow into the boiler is deemed the best remedy in case of priming.* 

16. . If the water in a boiler is suffered to get too low, what may be 
the consequences ? 

A. — ^As long as the tubes are covered with water no danger is likely 
to occur ; but if the water sinks so as to leave any of them tmcoveredi 
they would soon burst by becoming unduly heated. 

17. What height should the water stand in a common boiler above 
the flues. 

A. — ^From 6 to 12 inches. 

18. What height should the water stand in a tubular boiler above 
the tubes ? 

A. — ^About 8 inches. 

19. If any of the tubes were damaged by the firCi leaky, what would 
you do, supposing you could not shift them? 

A. — ^Plug them up either with wood packing or patent cement. 

20. How do you detect the pressure of steam in a boiler? . 
A. — ^By the steam gauge or safety valve. 

21. If the water in a boiler is suffered to get too high, what might 
be the consequences? 

A. — ^The water in the boiler will overflow and find its way into the 
cylinder by the steam pipe, and probably cause a break down. 

22. How would you know when the water in the boiler requires 
changing? 

A. — Bj trying its density by means of the thermometer and hydro- 
meter ; or testing it by the salinometer. 

23. Explain the use of the thermometer and hydrometer. 

A. — ^The thermometer indicates the degrees of heat, and the hydro- 
meter shows the density or saltness of the water. 

ENGINES. 

24. Explain the use of the cylinders. 

A. — Cylinders are &r containing the steam that is applied to give 
motion to the pistons. 

25. Explain the use of the air p\mip. 

A. — To remove condensed wat^, air, &c., out of the condenser and 
thus create a vacuum in it. 



* !nie tallow to be api>lied either by means of a droavi fizfid upoa the boQoet of 
tiie IM*flapk or by a eyxinge on tiie end <tf the boiler. 
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26. Explain the use of the condenser. 

A. — ^It is for condensing the steam after leaving the cylinder. 

27. Explain the use of the eduction pipe. 

A. — ^The communication between the cylinder and the condenser. 

28. Explain the use of the hot-water cistern. 

A. — ^It is a reservoir whence to feed the boiler with the warm water 
received out of the condenser. 

The air pump removes the condensed water, air, &c., which collects in the con- 
denser, passing it onward through the delivery valves into the hot well, from which 
the supply of water is derived to replenish the hoiler ; the temperature of such con- 
densed water, and other contrivances, heing availahle to prevent the boiler being 
supplied with cold water, as such would involve an unnecessary loss of fuel. 

29. Explain the use of the piston, and how fitted. 

A. — The piston is a hollow iron plug fitting the interior of the C3^1inder 
with great nicety, and packed so as to be perfectly steam tight, but 
with sufficient freedom of motion to enable it to work up and down ; to 
it is connected a piston rod working through a stuffing box and a hole 
in the cover. 

30. Explain the use of the stuffing box and glands. 

A. — ^The use of the stuffing box is for containing packing to keep the 
piston air tighfr while working through the cylinder cover ; and the 
glands keep the packing in its place. 

3 1 . Explain the use of the parallel-motion rods. 

A. — ^They are for keeping the piston rod parallel to the inside of the 
cylinder. 

32. Explain the use of the eccentric, and how fitted. 

A. — ^It is used for the purpose of giving motion to the slide valves, 
and is fitted with an eccentric wheel, loose on the shaft, with a stop at 
a certain point for going a-head or reversing ; the rod has a gab and 
apparatus for throwing it out of gear. 

33. Explain the use of the starting lever. 

A. — For working the slide valves by hand, when necessary to start 
or reverse the engines before the eccentric is set into gear. 

34. Explain the use of the barometer. 

A. — ^It is to indicate the amount of vacuum in the condenser ; hence 
it is called the vaeuum gauge^ and sometimes the condenser gauge. 

3{. Explain the use of the steam gauge. , 

A. — ^To indicate the pressure of steam in the boiler. 

36. The vessel alongside the wharf, proceed to get the steam up. 

A. — ^I would run up the water in the boilers, by opening the blow- 
out cocks^^ and complete filling them, if necessary, with the donkey 
engine ; ti^en light nres. . . 
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37. When the steam is up, how is it applied to the engines to set 
it in motion ? 

A. — By opening the commimication and throttle valveSi and placing 
the slide valves in the proper position. 

38. What precaution is necessary before the engine is sef in motion ? 
A. — ^It is necessary to blow the water out of the condenser by means 

of the blow-through valve. 

39. How do you start the engine ? 

A. — By admitting the steam into the cylinders to force the pistons up 
and down, and consequently give rotation to the cranks and paddles or 
screw. On moving the slides to admit steam to the pistons, the injection 
cock should be opened to admit water into the condenser to -create a 
vacuum, otherwise the engines will move sluggishly ; the throttle valve 
ought only to be partially opened at first, and the supply of steam 
increased as the ship gathers way. 

40. Is it necessary to move the engine by the hand a turn or two 
before starting ? 

A. — ^It is ; in order to force out the condensed steam. 

41. The engines being started, regulate the injection cocks, so as to 
keep them going at full or reduced speed. 

A. — The injection cock is kept open until the waste water-pipe is 
cool to the touch ; the temperature of the condenser ought to be about 
100° in these latitudes, but greater in warmer climates. 

42. What is the use of the injection ? 

A. — ^To condense the steam as it enters the condenser from the 
cylinder. 

43. How is the vacuum maintained in a condensing engine ? 

A. — ^By means of the air-pump. 

Suppose the backet to be at tbe foot of the air-pump ; when the engine begins to 
move it upwards by means of the pump-rod, if there be any water above the bucket- 
valve, it will be lifted along with the valve, and this water pressing against the dis- 
charge valve, will raise it, and entering the hot well flow through the discharge pipe 
into the sea. When the bucket rises, it will leave behind it a vacuum, causing ^e 
water and gases accumulated in the condenser to press open the foot-valve, and to 
enter at the foot of the air-pump till the balance of pressure is restored, when the 
foot- valve will dose from its own weight. When the bucket again begins to descend 
from the top of the barrel, the upward pressure of the discharge valve will cease, and 
the valve will therefore fall by its own weight, and by that of the water and atmos- 
phere above it ; as the bucket descends it therefore leaves a void behind it, and the 
pressure of the bucket upon the water and gases below it will cause them to raise the 
valve and pass above the bucket till it reaches the foot of the air-pump, when the 
ascent will commence as before. By this means the air and water are arawn out of 
the condenser, and discharged at the lop of the air-pump. 

44. How do you know when there is too" much injection ? 

A. — By the discharge valves of the air-pump lifting too soon j thereby 
causing a bad yacuum in the co^deosert 
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4$. How do you know when there is not enough injection? 
A. — ^When the condenser gets hot. 

46. If the injection was not shut off when the engines are stoppedi 
what would happen ? 

A. — ^The engine wonid get choked with water. 

To dew out the water open all waste cocks and slides, and Uow steam through 
daUvery pipes. 

47. If the condenser reject the injectioni what would you do ? 

A. — ^AUow the engine to rest or stand, and throw a few buckets of 
water on the condenser to cool it, the engines on starting will then take 
the injection. 

48. Would it be advantageous if an injection-pipe was fitted so as 
to take injection from the bilge, if required ? 

A. — ^It would ; in case of the ship springing a leak. 

49. If water should get into the cylinder, what might be the con* 
sequences? 

A. — ^The piston, cylinder, or cover might be broken. 

50. In running free with a heavy sea, and a jump upon the engines, 
what precautions would you take to endeavour to prevent damage to 
the engines ? 

A. — Stand by the throttle valve and injection, to close them when 
the vessel takes a heavy roll. 

51. If one engine was damaged, what would you do in order to 
proceed? 

• A. — ^Disconnect the disabled one and proceed wifli the other. 

52. If the eccentric should break, could the engines still be worked ? 
A. — Only by hand. 

53. If a bearing becomes heated what would you do ? 

A. — Slacken the bolts of the covers, slow or stop the engine, and cool 
the bearing with water ; and if it is very hot then apply hot water in 
the first instance to cool it, and then cold. Oil, with sulphur intermingled, 
is then to be administered, and as the parts cool down the screws may 
be cautiously tightened, so as to take any jump off the engine from the 
bearing being too slack. 

The l)earing[B of direct acting screw engines require constant watching, as, if there 
be any disposition to heat manifested by them, they will probably heat with great 
rapidity from the high velocity at which the engines work. Every bearing of a 
direct-acting screw engine should have a cock of water laid on it, which may be im- 
mediately laid wide ahoidd heating occur ; and it is advisable to work the on^ie 
oonstantlv, partly with water and partly with oil ajpplied to the bcMuings. The 
water and oil ar mixed by the friction into a species of soap, which both cools and 
lubricates, and less oil is used than if water were not employed. It is proper to turn 
off the water sometime before the engine is stopped, so as to prevent the mstiiig of 
the bearings. 
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54. How would you slow an engine ? 

A. — ^By partially closing the tlirottle valves and injection cock. 

When required to stop slowly, the engineer diminishes the supply of steam by 
means of the throttle valve fat the same titne easing the safety valve), and the motion of 
the engine is thereby retarded : he then disconnects the eccentric rod, or, as it is 
termed, " throws the engine out of gear,' and puts the slide valves at half stroke by 
hand, which causes both valve faces to cover their parts ; and the steam being thus 
completely cut off from the cylinder, the engine soon stops. 

55. How would you stop an engine ? 

A, — "By throwing the eccentric out of gear, and shutting the slide- 
valves and injection cocks. 

5 6. Wherein does a high-pressure differ from a low-pressure engine ? 

A. — A high-pressure engine has no condenser and air-pump, the 
steam being discharged from the cylinder. In a low-pressure engine 
the steam passes into the condenser. 

57. How do you admit tallow into cylinders, when the engines are 
at work, for the purpose of lubricating the pistons ? 

A. — By opening the grease cock on the cylinder at the up stroke of 
the piston, and closing it on the down stroke ; that is to say, by opening 
it' on the vacuum side. 

58. What is meant by working the engines expansively ? 

A. — Adjusting the valves so that the steam is shut off from the cylin- 
der at any required part of the stroke of the piston, and leaving the rest 
to be done by expansion in the cylinder. 

59. How would you disconnect the engines if there was no dis- 
connecting gear fitted ? 

A. — By taking the bolts out of the connecting rod caps. 

60. What is meant by throwing the engines out of gear ? 
A. — Disconnecting the eccentric from the slide valve lever. 

61. Why have two feed-pumps fitted, say one to each engine ? 

A. — In case of an accident to either, so that if one be disconnected, 
the feed may be supplied by the other. 

62. Is it requisite to have branch pipes fitted to feed the pumps; 
if so, for what purposQ ? 

A. — They are requisite for regulating the supply of feed to each 
boiler, so as to keep the water up to the proper level in each when the 
vessel lays over, or in case of accident to either boiler. 



8S 



3H 

ANSWEES. 



«. 598 

6. 20600 
II. 5030040 



NUMERATION, Pages 11— 12. 

a. 1783 3. 6086 4. 89063 5. 603240 

7. 90092 8. 204641 9. 800800 10. 3006004 

12. 7700006 13. looiooio 14. 70704032 15. 453^7^5 

16. 349004065 17. 1000 1 000 1 18. 842248484 19. 909009092 20. 222000040 

21. 305040008 22. 700700700 23. 202202200 24, 900000900 

I. One hundred and twenty-three. 2. Four hundred and seven. 3. Seven hundred 
and eighty-three. 4. Two thousand seven hundred and sixty, 5. Five thousand 
andsixty. 6. Seven Ihousand and thirty-six. 7, Thirty-seven, thousand six hundred 
and fifty-four. 8. Eighty-seven thousand and fifty-four. 9, Six hundred and ninety 
.thousand and six. 10. Eight million forty-seven thousand three hundred and 
twenty-eight. 11. Eight miUion five hundred and forty thousand three hundred and 
twenty-six. 12. Five million two hundred and ten thousand and seven. 13. Six 
million thirty thousand four hundred and five. 14. Five hundred and sixty thousand 
and seventy-five. 15. Three million and six. 16. One million three hundred and 
ninety-seven thousand four hundred aud seventy-five. 17. Twenty million eighty- 
four Uiousand two hundred and sixteen. 18. One hundred and twenty-eight million 
seven hundred thousand and forty-five. 19. Fifty-five million seven hundred thousand 
and five. 20, Seventy-six million fourteen thousand and fifty-nine. 21. Six million 
six thousand six hundred and six. 22. Fifty-six million seven hundred thousand 
five hundred and five. 23. One hundred and twenty million fifteen thousand and 
fifteen. 24. Two hundred and two million two hundred and two thousand and two 
hundred. 25. Two hundred and seventy-five million eight thousand and five, 
26. Twenty million eighty-four thousand two hundred and sixteen, 27. Seventy- 
nine million thirty thousand two himdred and eighty-four. 28. Four hundred and 
eight million seventy-six thousand and thirty-two. 29. Four hundred and one 
million four hundred thousand and fifty-six. 30. Nine hundred and eighty million 
five hundred thousand and sixty. 







SIMPLE ADDITION, Pages 


12—13. 






I. 


I27417O 


2. 


1634607 


3- 


165929 I 


4- 


*33343i 


5- 


1536206 


6. 


1536206 


7- 


1648 I 27 


8. 


2067687 


9' 


9 145 I 98 


10. 


7485613 


II. 


8519039 


12. 


7498158 


13- 


956015s 


14. 


5621433 


15. 


6524956 


16. 


8238335 


17. 


33*9175 


18. 


37*4599 


19. 


4483647 


20. 


3312670 


21. 


3312707 


22. 


3018498 


23- 


2797*85 


24. 


351977* 


25. 20566726566 



SIMPLE SUBTEACTION, Page 13. 



I. 


62157 1 


2. 


5- 


676001 


6. 


9- 


681179 


10. 


13. 


107510 


14. 


«7. 


8261243256 


18. 


21. 


5900085424 
9108 901099 


22. 


as. 


26. 



539540 3- 

554999 7- 

508871 II. 

222419 15. 

1358235814 19* 

9957614250 23, 

227936793034 27. 



00000 I 



480895 
376999 
157406 
2006289547 
7 809895 I 91 2 



4. 
8. 

12. 

16. 

20. 

24. 



000009 

580998 

173386 

58024 

763595488 

7501 2 I 3600 



9088910980901 28, 35353*599691 



AirSWEBS. 



i^5 



SIMPLE MULTTPLIOATIOlSr, Pa^es 13—14. 



I. 685295792 

5. 550942443156 

9. 9876543210 

13. 1350705843 

17 • 13503780000 

21. 15993780666 

25- 770930181732 

^9' 5319547301 12 

33. 10285980 

37. 381 14062 



I. 

5' 
9- 



I 96296596 I 3. 

45652143474 7, 

9803614194 II. 

2684444024 15. 

55275801000 19. 

49036019193 23. 

47786304367 27. 

6295813800 31. 

16261578 35. 
38. 24335360 
41. 28894158 



2. 

6. 

10. 

14. 
18. 

22. 

26. 

30. 
34 



1506 I 7 2792 4. 

3886950304 8. 

7774239492 12. 

5629618680 16. 

39205962324 20. 

27349835014665 24. 

263961479972 28. 

2997332184 32. 

12838608 36. 

39. 47094144 40. 
42. 78522048 



1899328910 

5159176101 

11019283848 

8918232255 

61284228934 

22581055500000 

5750745672129 

2466490572 

40261296 

20146968 



67896347-1 
66779765-3 
25409610-6 



SIMPLE DIVISION, Pa^e 14. 
2. 194899128-2 

6. 39512348-1 
10. 100107478-9 



13. 463519673763533-5 

15, 1582874324701-32 

17. 95022741046776-8 

19- 133683783399807-6 

21. 27206980239559-123 

23. 329218107-670 

25. 8607936214-143 

27. 24199350-230626 



3. 99836471 4. 49648952 
7. 868427625-6 8. 274473675 
II- 99557924-6 12. 4953087934-4 

14. 27201490^38560034-10 

16. I 87 157296759729-46 

18. 14964459409277-63 

20, 403 1 632 208 1 10056-69 

22. 34045491087 172-1 

24. 6897234900 

26. 74063098764-33203 

28. 48435530 



LOGAEITHMS OP NATUEAL NUMBERS, Fa^e 28. 



I. o'954243 2. 0*698970 

6. 0*690196 7. I'oooooo 

II. 8*462398 12. 2*962369 

16. 3*903307 17. I 415974 

21. 3*829561 22. 8*942504 

26. 9*964240 27. 8*542825 

31. 4*003891 32. 4900406 

36. 3*958124 37. 8*999957 

41. 1*972043 42. 6*929419 

46. 5*421604 47. 5606388 

51. 4000039 52. 5*774152 

56. 2*458852 57. 7551938 



3. 9*000000 4, 1*892095 

8. 1-579784 9- 2*579784 

13. 2*845098 14, 1*802774 

18. 0*415974 19. 9165244 

23- 9*539954 24. 8.110590 

28. 8-953760 29. 3823213 

33. 4*681241 34. 1*861194 

38. 6763428 39. 8*554755 

43. 4722552 44. 4*698970 

48. 5699759 49* 5*738463 

53- 5*954242 54- 7*947385 

58. 8749845 59. 6932847 



5. 
10. 

15. 

20. 

25. 
30. 

35- 
40. 

45- 
50. 

55- 



1*954243 
2*000000 

3*805501 

0*588160 

9838597 
4*000000 

1*188590 

8757654 
5-845154 
4-477134 
7*993714 



60. 7*755341 



NATUEAL NUMBEES OF LOGAEITHMS, Pa^e 28. 



I. 

6. 
II. 
16. 
21. 
26. 

31* 
36. 

41 



204 

I 

366-855 

3*673 
1000 

1049*27 

2*606 



1*7 
I 00000 

46, 8859000 

51, 4220 

56* 36*92+ 



2. 

7- 
12. 

17- 
22. 

27, 
32. 

37- 
42. 

47. 
52. 

57« 



4753 
700 

3659 
6 004 

2480000 

•09 

•I 

451069 

•0762 

•09185 

53*13 . 
8-465+. 



238 
100 

36*72+ 
588*172 
26*04+ 
*oo9i 
•009 
38. 2*718+ 

43. '147 
48. '03670 

53. '0424 
58. JOO59X 



3- 
8. 

13- 
18. 

23- 
28. 

33 



4. 9 

9. 88 

14. 418*5+ 

19* 594500 

24. 437*5 

29. 50800 

34. '052 

39. 404007 

44. '00000075 

49. 5 '806+ 

54. -004855 

59* '0002096 



5« 50 

10. 114 

15. 6122*69 

20. 264000 

*5. 15*43+ 

30. 26*04+ 

35. lOOOO 

40. '02494 

45, 1*00043 

50. '7639 

S5^ 2*515+ 

60. 7*50 



3«6 



AK8WSBS. 



MULTIPLICATION BY LOGAEITHMS, Tage% 30—31. 

I. 5950; 1000; 1053; 3626; 7663. 2. 6391; 1203-6; 123 84; 4i**56; 95i*7« 

3. 66-12; 10818; 3125-0; 984; nil, 4. 6912; 340703; 810090; 69120; 61 1 100, 

5. 38608; 47600; 19012; 204; 1827000. 6. 9362-4; 985-68; 45675; 781-4; 2788-85. 
7. 3192; 1259-64; 324-632; 862-14; looooo 8. 397476; 5568; 508-8; 33360; 9025. 
9. iiu68; 4375; 4900; 10246; 257-88. la. 898-45 ; 39-44; 731*2; 58469; 1688-2. 
II. 72864; 38608; 15795; 2196*4; 23650*2 12. 9517; 24790; 4189; •47614- 
13. 62-9154; -018237; -363054132. 14. -oi ; -00001; -oooio; looooo. 

15. '00005694; 610-7292; -00297419; -24790. 16. 2355*9; 4*189; lOoooo; '0000000924, 
17. 17-8176; -0000001756; 229008. 18. 566-125; 42854; 23168. 

19. -0009072; 92*16; 21427, 20. 42854-4; 448109; 1-93181, 





DlVlSiOJN BV: LOUAKITHMS, Fage 33. 




I. 


83 ; 601 ; 84; 125. 2. 


60; 500; 96-14; 59-60. 




3- 


45; 19; 7*2; 66-464-. 4. 


304; 334*9; 3960; 23. 




5- 


47*75; 36*45+; 28-96+; 1-44. 6. 


10; 1 ; 238-1+ ; 100. 




7. 


184; 240-299+; 8844-03 ; 627-988. 8. 


14-66: -01466; 1-5; 1-915. 




9- 


0*26389; 26-389; 2-6389; -0003789, 10. 


0-00011405; 344*663; 14-66; 


100*82. 


II. 


2187-23; ion; -148610; 1068-75. 12. 


25*2457; 4725; 377; -3440. 




13. 


I ; 10 ; 99700 9 ; 1000. 14. 


55-16; 14400; I357'7i; 1000, 




15- 


1195*16; 'OO00002286, 16. 


31131-8; -00257246. 




17- 


25-26; 129571. 18. 


3 28 8 04 nearly. 




19- 


They ought to be identical, or within a 


nnit in the last place. 




20. 


•051 1 172; 272854. 21. 


•0641774; 197 1 •39- 





iro. 
I. 
2. 

3- 

4- 

5- 
6. 

7. 
8. 

9- 
10. 

II. 

12. 

13. 

14. 

15. 
16. 

17. 
18, 

19. 
20. 
21. 
22. 

23- 
24. 

26. 
27. 
28. 
29, 
30. 



LOG. SINES, TANGENTS, SECANTS, ETC., Fage 



8IKX. 
9-079607 
9-325098 

9*611999 

9*787595 
9-497409 

9-732252 

9832497 

9*875079 
9-923122 

9*958771 
9-246845 

9-516536 

9*784453 
9-672452 

9-860764 

9975130 
9*993840 

9*999579 
9-986672 

9-955206 

9-938922 

8-831988 

9-864870 

9*966727 

9-977216 
9-447622 

9*815955 
9*913869 



TANGENT. 

9-082763 

9*663928 

9-651805 

9-890004 

9-520002 

9*807055 

9*967258 

10-054613 

10-185903 

10*339836 
9-253720 

9*541332 
9*884989 

9*726755 
10-023176 

10*457990 

10-770507 

11*356298 

9*599289 
10*319983 

10*244180 

8-832992 

10*031944 

10*390483 

10-478075 

9*465390 

9937432 

10*156311 



SECANT. 
10-003156 
10-009974 
10-039806 
10-102409 
10-002593 
10-074803 
10-134760 

10*179534 
10*262781 

10-380065 

10-006876 

10-024796 

10-100537 

10-054304 

IO-162412 

10*482859 

10*776667 

11*356719 
IO-612618 

10-364777 
10*305259 
10-001004 
10-167074 
10*^23756 

10-500885 
10-017768 
10*121477 
10*242442 



COSINE. 
9996844 
9-990026 
9-960194 

9*897591 
9-997407 

9*925197 
9*865240 

9-820466 

9-737219 

9*619935 
9-993124 

9*975204 

9*899463 
9945696 

9*837588 

9*5i7'4i 
9*223333 

8-643281 
9*387382 
9635223 
9-694741 
9*998996 
9*832926 

9*576244 

9-499141 
9-982232 

9*878523 
9757558 



COTANGENT. 
10-917237 
10*336072 
10-348195 
10109996 
10-479998 
10-192945 
10-032742 

9945387 
9-814097 

9-660164 

10-746280 

10-458668 

IO-II5OII 

10-273245 

9' 97 68 24 
9-542010 

9*229493 

8-643702 
9*4007 1 1 
9-680017 
9755820 
11*167008 
9-968056 
9609517 

9*521925 
10*534610 

10-062568 

9*843689 



40. 

COSECANT. 

10-920393 

10*674902 

10-388001 

10-212405 

10-502591 

10-267748 

10-032742 

IO-I2492I 

10-076878 

10041229 

10-753155 
10-483464 

10*215547 

10*327548 
IOI39236 
10-024870 
10-006160 

10-000421 
10-013328 
10*044794 
10*061078 
II-1680I2 
10*135130 
10-033273 

9*521925 
10-552378 
10*184045 

10-086 1 31 



answbeb. ^17 

AECS OF LOG. SINES, Page 41. 

1. 33»26'48" 2. 19'* 15' 35" 3- 29" 34 59* 4- 2»55'26" .5. 2*17' 7' 

6- 57 30 53 7- 53 i^ 3° 8. 51 6 29 9. 58 15 30 10. 18 26 6 

II. 39 7 15 12. 30 33 18 13. 21 15 o 14. 15 19 44 15. 31 57 10 

16, 30 4 43 17. I 39 39 18. 4 I 28 



AECS OF LOG. COSINES, Page 41. 

I- 52' 13' 35" 2- 55' 45' 8* 3. 8^ 6' 3/ 4. 81'' 18' o* 5. 7</47'25' 
6. 80 37 20 7. 31 9 33 8. 3 56 42 9. 84 40 38 10, 84 15 39 



AECS OF LOG. SECANTS, Page 41. 

I. 14' 23' 15' 2. 5i«28'5o'' 3, 3" 24' o'^ 4. 26033' o* 5, 79* 39' 51' 
6. 39 22 9 7. 18 22 13 8, 28 3 33 9. 61 4 15 10. 71 27 48 



A:^CS of log. cosecants. Page 41. 

I. 26^43' o" 2. 34° i'r4* 3. 22"' 29 21^ 4. G" 5' 16^ 5. 49*11' 9" 

6. 42 42 30 7. 5 43 39 8. I 57 4 9. i 6 53 10, 58 15 30 

11, 7 13 s^ 12. 78 22 32 13. 13 33 27 14. 60 13 52 15. 50 57 26 



AECS OF LOG. TANGENTS, Page 42. 

I. 77« o'23" 2. 45» o'24* 3. 81° 31' 58* 4. 73^*46' 29* 5. 54" 43' 26' 

6. 48 58 25 7. 86 58 16 8. 22 9 25 9. 57 36 3 10, 187 

II. 23 43 17 12. 81 53 25 13. 35 3 31 14, 48 58 24 15. 15 40 53 



AECS OF LOG. COTANGENTS, Page 42. 

I. 6i» 3'33" 2. 7' 34' 15' 3. 54° 56' 28' 4. 41' i'35" 5- "• ©'41" 

6. 15 54 34 7- 88 46 54 8. 58 15 30 9. 44 20 2 10. 44 58 55 

II. 82 49 23 12. 8 30 34 13, 88 20 53 14, ,76 40 15 15. 76 52 23 



» DiJj'Jj'iiREJSCE Oi' LATITUDE, Page 51. 

I. 3» 23' = 203' N. 2. 7" 50' =470' 8. 3. 39*»24'=2364'N. 

4. 4 53 = 293' S. 5, 10 = 600' 8. 6. 5 30 = 330' N. 

7. 13 15 =: 795' N. 8. 2 37 = 157' S. 9. 10 10= 610' S. 
10. 20 30 = 1230' N. II. I 34 = 94' N. 12. 13 51 = 831'S. 
13. 7 39= 459' N. 14. 8 2=482'S. 15. 4 48= 288' N. 




MEEIDIONAL DIFFEEENCE OF LATITUDE, Page 52. 

I. 97 .2. 1042 3. 2426 4, 345 5, 93 6. 
7. 1381 . 8. X2i6 9. 5x2 ^ xo. 607 XI. 93a IS. 


735 
260 



3l8 AV8WSB8. 

' LATITUDE IN, Pag$ 53. 

I. 34^ 2'N. 2, 27'54'N. 3. 6» ^N. 4. 47«22'S. 

5. 3 I N, 6. 46 21 N. 7. 2 48 S. 8. 36 51 S. 

9. 2 54 8. 10. o 20 8. II. Equator. 12. o 15 N. 

13. Equator. 14. 39 14 8. 15. Equator. 16. i 14 K. 



MIDDLE LATITUDE, Page 54. 

1. i7»i9' 2. 26*44' 3. i»2o4' 4. 35'* 37' 5. 5i*»45' 
6. 61 31J 7. 53 12J 8. 30 55J 9. 64 31 10. 6 52 



DIFFEEENCE OF LONGITUDE, Page 56. 

I. 5* 0'= 300' E. 2. 2' 3'= 123' E. 3. 8»27'= 507' E. 

4. II 56 = 716 W. 5. 4 20 = 260 W. 6. 4 30 = 270 E. 

7. 6 15 = 375 E. 8. 6 30 = 390 E. 9. 72= 422 W. 

10. 6 8= 368 E. II. 70= 420 W. 12. 30= 180 W. 

13. 61 38 =: 3698 E, 14. 6 52 = 412 E, 15, 6 30 = 390 E. 

16. 47 15 = 2835 B. 17. 24 12 = 1452 W, 18. 18 50 = 1 130 "W, 

19. 126 27 = 7587 W. 20. 20 o = 1200 W. 



LONGITUDE IN, Page 57. 

I. 7*38'W, 2. i'i8'E. 3. 3i» 4'E. 

5. I 15 E. 6, o o 7. I 40 "W. 

9. o 23 E. 10. 39 10 W. II. 29 10 W. 

13. 103 56 E. 14. 178 26 "W. 15. 178 57 E. 

17. 177 39 'W'. 18. 179 59 E, 



4. 


oP 30' W. 


8. 


45 W. 


12. 


99 6 E. 


16. 


180 E. 



LEEWAY— TRUE COUESES, Page 58. 

I. 8.W.J8. 2. 8,8. W. J W. 3. N. JE. 4, N.E. }E. 

5. W.N.W. 6. S.E. }B. 7. E. JN. 8. W.byN.JN. 

9. N. byW. }W. 10. 8. }W. 11. E. by 8. 12. W, f 8. 

13. N.W. byW. 14. W.J 8. 15. 8. J E. 16. N.byW.|W. 

17. K.E. byE.|E. 18. E. by 8,^8. 19, W. }8. 20, K.byE,fK 



VARIATION— TRUE COURSES, Page 64. > 

1. N.I?. 2. 8.8.E. 3. W.8.W. 

4, N.W. 5. N.N.E. 6. 8.E. 

7. 8.8. W. 8. N.W. by W. 9. 8 JE. by E. \ B, 

10. N.E.byE. II. N, JW. 12. N.E. bvE. 

13. N.iW. 14, 8.8X 15. N.W. by W. J W. 

16. 8. W.J W. 17. 8. J E. 18. E. by 8. \ 8. 

19. E.N.E. 20. 8. byE. JE. 21. N. 

22. 8.W. }8. 23. N.W. by W. \ W. 24. W. by 8. \ 8. 

25. N. by W. \ W. 26. N. by E. f E, 27. 8. by W. | W. 

28. N. 77<> E. 29. N. 46 J« W, 30. N. 2i«> W, 

31. 8. 660 W. . 32, N. 66© E, 33. N. 24c W. 

34. B. 24PW. 35* B. yS^'E. 36, ^. ia<»K 



AVSWIBS. 



319 



LEEWAY AND YAEIATION— TEUE COUBSES, Page 67. 



I. N.E, 2. 

4. N.E. by E. } E. 5. 

7. S.W.i8, 8. 

10. S. f W. II. 

13. B.byW. }W. 14. 

16. E. J N. 17. 

19. S.E. byE.JE. 20. 

22. 8. by E. J E. 23, 

25. N.W. byW. JW. 26. 

28, N. f W. 29. 

31. 8. 89«W. 32. 

34. 8. 74-E. 35, 



8.8. W. f W, 
N.E. } E. 
8.W.byS. . 
8.W. by W. 
8. JE. 
8.W. i 8. 
N. byE. JB. 
E«8»E. 
W.J 8. 
W. by N. 
8. 1" E. 
8. 59' W. 



3. W,}N. 

6. E.byN. iN, 

9. E. {8. 

12. W, by 8. 1 8. 

15. 8.E. \ 8. 

18. N.W.byW.iW. 

21, N.W,JN. 

24. 8. byW.iW. 

27. 8.8.W.JW. 

30. 8.W. by 8. 

33. 8. 32'E. 

36. N. i5« E. 



DEVIATION— TRUE COURSES, Page 74. 



I. N. 38'*59'E. 3. 

5. 8. 84 8W, 6. 

9. N. 19 25 E. 10, 

13. 8. 87 29 E. 14. 

17. 8. 73 10 W. 18. 

21. 8. 9 33 E, 22. 

25. 8. 66 oW. 26. 



N. ©•22'W. 3. 

8. 24 5 W. 7. 

8. o 16 W. II. 

N. 42 2 W. 15, 

N. 32 24 E, 19. 

8. 78 10 W,' 23. 

8. 74 3 E. 27. 



N. 2o«58'W. 
N. 32 24 E. 
8. 81 19 W. 
8. 28 57 W. 
N. 2 59 E. 
8. 63,11 W. 
8. 79 16 E. 



4. 8. 43'39W* 

8. 8. 48 SS ^• 

12. 8. 36 12 E. 

16. 8. 4 38 E. 

2o» N. 89 45 W. 

24, 8, 4 50 W. 

a8, N. 74 57 W. 



TRAVERSE SAILING, Pages 83—84. 



MO. 
I. 
2. 

3- 

4- 

5. 

6. 

7. 
8. 

9- 
10. 

11. 

12. 

13. 
14. 

15. 
16. 



D. LAT. 

95*2 8. 

20*0 8, 

375-8 8. 

O'O 

75 '2 8. 

I20'I N. 

99-0 N. 

305 s. 

35*7 8. 
85-0 8. 

10 N, 

17-8 8. 

145-8 s. 
9*2 N. 
352 8. 
506 8. 



DSP. 

92*1 W. 
1288 w. 

O'O 

768 E. 
70-3 E. 
129*0 E. 
58 2 E. 
1837 W. 
06 E. 
26-4 E, 
633 E. 
7*1 W. 
6r8W. 
8-5 E. 
48-1 W. 
48-2 E. 



LAT. ] 


oc. 


51' 


►23^ 


N. 


53 5a 


N. 


2 


26 8. 


>9 





8. 





15 


8. 





50 


N, 





37 


N. 


4636 


\^- 


53 


36 N. 


38 


41 


N. 


56 


41 


N. 


2 


26 8. 


34 


9 


8. 


I 


24 


8. 





19 


N. 



COUR8X. 
8. 44'W. 
8. 81 W. 
8. 
E. 

8. 43 E. 
N. 47 E. 
N. 30 E. 
8. 81 W. 
8. lE. 
8. 17 E. 
N. 89 E. 
8. 22 W. 
8. 23 W. 
K. 41 E. 
8. 54 W. 
8. 44 E. 



DISTAKCS. 

'3*' 

130 

375-8 
768 

103 

176 

"5 
186 

36 

63 

'9 

X58 

13 
60 

70 



PARALLEL SAILING, Page 8j. 



5i9*»' W- 

6i2-o W. 
372*1 E. 



I. 


250-4' W. 


2. 344-4' E. 


3. 


5« 


148-0 W. 


6. 512-5 E, 


7. 


9' 


117-7 w. 


10. 408-0 E. 


II. 



4, 294-8' W. 
8. 113-8 E, 

". 5945 »• 



3* 





Ml 


DDLE Li 


Axsm 




3A 


TTilNG, Pfl^tf 88. 

D. long. 305' Long. 






iHTUDl 

Lat. in 27' 




I. 


D. lat. 1 1 3' 5 


Dep. 273'-5 


38' 


N. 


in 54* 55' W. 


a. 




999 


„ 1870 


>f 34 


10 


N. 


7, 223 „ 


29 7 w. 


3- 




898 


»t 1^9*8 


» 41 





8. 


n 248 „ 


70 12 E. 


4- 




1656 


»f ai3*3 


» 49 


10 


8. 


« 334 ., 


175 58 w. 


5- 




967 


„ 3187 


if 18 


53 


N. 


» 339 ., 


175 i» E. 


6. 




122*9 


t» 122*9 


» 


59 


8. 


,f 123 „ 


27 47 W. 








MEKCATOR'S SAILING, Pa^e 92. 






-KO. 


D. LAT. 


X. D. LAT. 


D. LONG. 






COCSSE. 


DI8T. 




I. 


97 N. 


"5 


131 E. 






N. 46° 20:33* E. 


140*5' 




2. 


85 8. 


130 


76 E. 






8. 30 18 40 E. 


98-46 




3- 


280 N. 


497 


368 E. 






N. 36 31 4 E. 


3484 




4^ 


81 N. 


128 


227 W. 






N. 60 34 56 W. 


164-9 




5- 


2308. 


500 


270 E. 






8, 28 22 9 E. 


261*4 




6. 


430 N, 


588 


310 E. 






N. 27 47 55 W, 


4861 




7. 


687 S. 


785 


3698 E, 






8. 78 55 E. 


3308 




8. 


1232 N. 


1760 


4732 E. 






N. 69 35 53 E. 


3534 




9- 


115 N. 


166 


191 E. 






N. 49 21 E. 


175*3 




lO. 


1 107 N, 


1230 


1452 w. 






N. 49 43 55 W, 


1713 




II. 


779 S. 


1080 


1200 W. 






8. 48 46 W. 


1 164 




12. 


loii N. 


1 139 


3808 w. 






N. 73 20 52 W. 


3528 




»3. 


792 8. 


794 


1254 E. 






S. 57 39 33 E. 


14805 




14. 


128 N. 


233 


725 W, 






N. 72 II I W. 


418-4 




15. 


3158. 


524 


365 E. 






8. 34 51 35 E. 


3839 




16. 


73' & 


733 


2459 E, 






8. 73 24 4 W. 


2559 




17- 


150 N. 


274 


354 E. 






N. 52 15 35 E. 


245 




18. 


6778. 


950 


1015 E. 






8. 46 53 41 E. 


990*7 




19. 


4483 N. 


4842 


3313 E. 






N, 34 22 51 E. 


5432 




20. 


1860S. 


1884 


412 E. 






8. 12 20 8 E. 


1904 




21. 


3355 N. 


3516 


7587 w. 






N. 65 8 9 W. 


7979 




22. 


180N. 


190 


1 140 W. 






N. 80 32 16 W. 


1095 



DAYS' WOEKS, Fa^ea 107— 112. 

1. True Coubses.— 8. f W., 12' dep. course; 8. 6| W., 25'; 8. 4JW., 22'; 
N. 7i W., 19' ; 8. J W., i6' ; 8. i W., 13' ; 8. 4i E., 13' ; N. 7 W., 6' current course. 
D. lat. 65*7 8., dep. 61-2 W. ; course 8. 43** W., dist. 90'. Lat. in 48* 52' N., diflf. 
long. 94'. Long, in 6* 46' W. 

2. Teub Coueses.— 8. 5} W., 18' dep. course; N. ij W., 12'; 8. 2JE., 18': 
8. 3iE., 14'; N. li W., 18'; N. 2 W., 17'; N. iJW., 17'; N. 2f E., 18' current 
course. D. lat. 42* i' N., dep 8'i W. ; course N. 1 1* W., dist. 43'. Lat. in 54" 58' S., 
diflf. long. 14'. Long in i8b" 12' W., or 179" 48' E. 

8. Tbub Coursks; — 8. 7 J E., 17' dep. course; N. 5 E., 162; 8. 7f E., 18-3; 
N. 5 E., 13-6 ; 8. i W., 14*8 ; 8. i W., 72 ; 8. 2J E., 7 ; N. |E., 103 ; N. J W., 6' 
current course. I), lat. 1*5 N., dep. 61*3 E. ; course N. 89° E., dist. 61', Lat. in 
54* 8' -5 N. ; diflD long. 104'. Long, in 1° 39' E. 



AJfSWERS. 32 1 

4. Trub Courses. — S. 4J W., 14' dep. course ; S. 3J W., 22 ; S. 5^ W., 22 ; 
N. 4jW., 23; N. iJW., 18; S. iW., 19; S.6iW.,2i; N. i W., 20' current course. 
DifF. lat. 10-4 S., dep. 906 W. ; course S. 84? W., dist. 91'. Lat. in 36° 53' N., diff. 
long. 1 1 3 J' W. Long, in iQ ^ 53 j' W. 

5. True Courses. — S. i W., 15' dep. course; N. 6J W., 11*9; S. 6J E., 12*9; 
S. } E., 254 ; N., 202 ; S. 7 J W., 147 ; N. i J W., 27 ; N. i| E., 21' current course. 
Diff. lat. 23-4 N., dep. 11-5 W. ; course N. 26° W., dist. 26'. Lat. in 30° 22' N., diff. 
long. 13' W. Long, in Ja® 41' E» 

6. True Courses. — N. 5^ E., 25' dep. course; S. 4I E., 9*4; N. 4J W., i3'5; 
S.2|W.,i3i; N.3jE.,i2-8; N. iiE.,7-8; S.3fW.,7; S.iiE.,2-8; N.5iW.,2-4; 
S. 3 J W., 22'-5 current course. Diff. lat. 2-1 S., dep. 2*4 E. ; course S. 49^ E., dist 3'. 
Lat. in 62° u' S., diff. long, ^s E. Long, in 140° 2i'-5 E. 

7. True Courses. — N. 5} W., 15' dep. course ; N. 7f W., 25 ; S. i "W., 23 ; 
S. 4|W., 19; N. liW., 9; 8. 2iW., 19; S. 6W., 16; N. 2^ W., 13; N. 7iE.,9' 
current course. Diff. lat. 27*4 S., dep. 81 -i W. ; course S. 71** W., dist. 86'. Lat. 
in 58° 2 N., diff. long. 153' W. Long, in 8° 45' W. 

8. True Courses. — 8. 3 E., 15' dep. course; 8. J E., 8-8; N. { E., 11 ; 8. 4J E., 19 ; 
8. 7E., 13; S. 5fE.,26; N.5jE.,6-2; N.6iW.,9-8; S.6iE.,2i-8; N.2JE., 121; 
8. 4J W., 60' current course. Diff. lat. 64-8 S., dep. 36-6 E. ; course 8. 29^° E., 
dist. 74J'. Lat. in 35° 55' 8., diff. long. 45' E. Long, in 20° 46' E. 

9. True Courses. — 8. 3J W., 17' dep. course; S. ij W., 10-7 ; N. 6J W., 87 ; 
S.5iW.,i6-5; 8.5}W.,i8-8; 8.5}E.,i6; S.4jW.,8-7; N.6E.,86; 8.3W.,ii; 
8. 3I W., 91 ; 8. I E., 6 6; 8. J E., 67 ; 8. 2| W., 35' current course. Dift. lat. 
104 9 S., dep. 67 3 W. ; course 8. 33° W., dist. 125'. Lat. in 2° 24' 8., diff. long. 68' W. 
Long, in 0° 11' W. 

10. True Courses. — 8. 7 J E., 13' dep. course; 8. 7 E., 309; 8. 2 W., 10*5; 
N.2E.,i4-4; S.iJE.,12; 8.3iE.,i6i; S.6E.,8-4; 8.6JE.,26-8; 8. 7} E., 196; 
N. 7j E., 48' current course. Diff. lat. 36*8 8., dep. 159-3 E. ; course 8. 77° E., 
dist. 164'. Lat. in 38° 19' 8., diff. long. 202' E. Long, in 182° 2' E., or 177° 58' W. 

11. True Courses. — N. 50° W., 19' dep. course ; N. 89 W., 19*4 ; N. 50 W., 227 ; 
8. 32 W., 257; 8. 49 W., 159; 8. 68 W., 89; 8. 43 W., 18-9; 8. 19 E., 6; 
N. 44 W., 1 14; N. 86 W., 7-3; 8. 66 W., 24' current course. Diff. lat. 29-0 8., 
dep. 1333 W. ; course 8. 78° W., dist. 136'. Lat. in 34° 18' 8., diff. long. 161' W. 
Long, in 83^ 35' W. 

12. Magnetic Courses (Corrected for Leeway only) . — 8. 5}'E., 13' dep. course; 
8.7W.,8-8; N.7jW.,5-8; 8.4jW.,5o; 8.4iW.,2o; 8.iiW.,8-2; 8. iJE.,16; 
N. iE.,9-8; N. iW., 3; N. iW.,2-3; N. 4W.,4-5; 8. 6 W., 4*5 ; »• 3 W., 2 ; 
8. 2J W., 2-3. Diff. lat. 22-0 8., dep. 15*4 W. ; compass course 8. 35° W., dist. 27'. 
The variation 24° W. allowed to the left of 8. 35° W., gives True Course 8. 1 1° W. 
True course 8. 11° W., and dist. 27', give (Table 2) diff. lat. 265 8., dep. 52 W. 
Lat. in 26° 5'-5 8., diff. long. 6' W. Long, in 45° i' E. 



ASTEONOMICAL DATES, Page 114. 

I. Jan. i<* 16^38™ 9» 2. Feb. 27** 8*»i2™ o» 3. August 14"* 6^28»4o" 

4. Mar. 31 19 54 19 5. Juno 3 16 18 3 6. August 31 20 10 52 

7. Dec. 31 6 18 34 8. July i 8 3 24 9. June 30 23 30 10 

10. Oct. I o 10 12 II. Dec.1864,31 20 9 50 12. Dec.1865, 31 12 44 12 

TT 



3*1 



I 

5 

9 

«3 

«7 
ai 



7 14 28 
3 16 173 
9 9 48 
o 9 56 
o 56 10 



AVSWEB8. 



DEGEEES INTO TIME, Pa^ 115. 



2. 

6. 
10. 
14. 
18. 
22. 



4*»3o™48» 

o o 54 
10 52 11*2 

o 5 40 
10 27 28 

o 9 12*8 



3- 

7. 
II. 

19. 
^3- 



o 50 430 
o 41 48*9 

o I 47*2 

6 24 43*0 

5 38 500 



4- 
8. 

12. 

16. 

20. 

i4. 



o>»3d"56» 

5 5 22 

3 24 408 

o 2 29*6 

9 22 8*7 

If S5 190 



1 



I. 18^28' o* 

5- 31 49 45 

9. 46 7 o 

13. o 58 o 

17. 9 14 o 



TIME INTO DEGEEES, Fa^e 116. 



2. 58° i' o* 3. 

6. 147 24 30 7. 

10. 124 16 30 II. 

14. 2 29 o 15. 

18. 75 12 45 19. 



10° 33' o" 4. 

8 44 33 8. 

5 22 43*5 12. 

o 13 o 16. 

179 59 15 20. 



i68«*5o' 15* 

*5 »5 24 
175 16 40 

5 10 15 

o 28 o 



I. 

4- 

7- 
10. 

13- 
16. 

19. 



Jan. 6d 8»» 8« ©■ 
Mar. 15 8 8 6 
May 31 21 34 58 
June 30 16 36 52 
Dec. 27 23 19 30 
May 31 18 24 40 
Oct. 31 19 35 40 



GEEENWIOH DATES, Pa^e 118. 

Feb. 1 2'* 22^ 4™i9« 3. 

April 10 10 30 5 6. 

Oct. 31 21 22 10 9. 

Aug. II 23 50 22 12. 

July 8 at noon. 15. 

Mar. 2 o 5 40 18. 



2. 

5. 
8. 

II. 

14. 

17- 



Jan. 

May 

Dec. 

Sept. 

Jan. 



3,d 

'5 
I 

I 
31 



7»»29»28» 
660 

6 32 45 
6 24 II 

13 45 20 



20. 1 865, Dec. 31 14 3 20 



Aug. 31 23 26 40 



I. 
5 
9 
13 

17 
21 

»5 



SUN'S DECLINATION, Pa^es 122—123. 



20^I2'48"S. 

17 10 29 N. 

18 56 27 N. 

21 43 I S. 

22 34 25 8. 

9 43 15 N. 

23 2 35 N. 



2. i2°i6'52'S. 

6. 22 4 o N. 

10. 12 37 44 N. 

14. 23 27 10 S. 

18. 16 37 47 S. 

22. 19 10 15 N. 

26. 14 34 57 S. 

29. 23 19 47 S. 



3- 


5° 6' 4"N, 


4- 


o» 


10' 42"N. 


7- 


23 27 10 N. 


8. 





6 33 N. 


II. 


2 39N. 


12. 


3 


6 37 S. 


15- 


23 2 21 S. 


16. 





42 N. 


19. 


4 12 23 N. 


20. 


2 


10 10 N. 


23- 


14 40 53 N. 


24. 


18 


52 45 N. 


27. 


8 25 26 N. 


28. 


3 


16 39 S. 


30. 


18 19 26 S. 









I. 


+ 6» 3*6« 


5- 


— 3 459 


9- 


— 9*2 


'3- 


+ 7-8 


>7- 


— 15 13a 


21. 


— 16 183 



EQUATION OF TIME, Pa^e 127, 



2. + 14™ 6'8« 

6. — o I'l 

10. — 2 30*7 

14. — o 5*1 

18. + 6 5-0 
22. o o 



3. + 6"»i9'9« 

7. 4" * *^*9 

!!• — II 51*5 

15- — 3 533 

19. + O 20*8 

23. — o o'8 



4. + o™ 4-6« 

8- + 5 44« 

12. -|- O 3'2 

16. — o o-i 

20. — 15 58-2 

24. + 3 351 



1. 17^52 42' 

6. 28 57 9 

II. 14 17 14 



TEUE ALTITUDES, Pa^e 130. 



2. 48^17' II" 

7- 65 13 4 
12. II 45 27 



3- 
8. 

13- 



30° 2 9' 
85 22 51 
69 45 25 



4. 76^14' 16" 
9. 28 23 26 
14. 8 45 8 



5. 58*48' 28" 
10. 67 54 24 

»5- 19 57 40 



MERIDIAN ALTITUDES, Page 135. 

BT sapsb: 

KO. G&EEN. DATE. BED. DECL. TEUE ALT. L.\TITVDB. TRVS ALT. LATITUDE. 

1. lod 3i»i9™24« 2i*'53'27*S. 68^57' 22* 42*56' 5"S. 68*57' 18'' 42*56' 9*8. 

2. 31 21 20 36 17 I 54 S. 72 58 6 o o o N. 72 58 3 003 N. 

3. 7 18 o 48 4 51 10 S. 51 57 59 33 10 51 N. 51 57 51 33 10 59 N, 

4. 28 II I 32 14 23 II N. 82 35 15 6 58 26 N. 82 35 8 6 58 19 N, 

5. I 21 51 48 15 26 17 N. 45 57 I 59 29 16 N. 45 56 s^ 59 29 21 N. 

6. 10 19 48 12 23 6 6 N. 42 37 28 24 16 26 S. 42 37 25 24 16 29 S. 

7. 20 10 26 32 20 32 56 N. 52 7 9 17 19 55 S. 52 6 58 17 20 7 S. 

8. 19 5 30 o 12 37 44 N. 57 50 46 44 46 58 N, 57 50 45 44 46 59 N. 

9. 25 17 51 48 10 25 23 N. 35 48 58 43 45 39 S. 35 48 55 43 45 43 S. 

10. 22 12 54 o 00 12 N. 41 42 33 48 17 39 N. 41 42 23 48 17 49 N. 

11. 23 6 o 48 II 36 6 S. 54 51 19 23 32 35 N..54 51 12 23 32 42 N. 

12. 14 18 39 16J 18 31 II S. 67 56 49 3 32 o N. 67 ^6 40 3 32 9 N. 

13. 9 20 18 40 22 56 32 S. 26 4 46 40 58 42 N. 26 4 35 40 58 53 N. 

14. 20 19 59 $6 o 40 4 N. 56 37 9 32 42 47 S. 56 37 4 32 42 52 S. 

15. 20 14 24 o o 12 17 N. 61 58 9 28 14 8 N. 61 58 o 28 14 17 N. 

16. 7 9 19 o 7 5 23 N. 90 13 40 6 51 43 N. 90 13 40 6 51 43 N. 

17. 16 3 I 44 19 II 45 N. 86 50 41 16 2 26 N. 86 50 34 16 2 19 N. 

18. 22 17 57 o o 4 43 S. 83 52 20 62 57 N. 83 52 14 633 N. 

19. 2 16 56 o 15 :4 31 8. 70 42 48 34 21 43 S. 70 42 44 34 21 47 S. 

20. 22 II 35 52 o I 28 N. 71 34 38 18 26 50 N. 71 34 32 18 26 56 N. 

21. 12 o 32 48 13 34 3 S. 30 4 42 46 21 15 N. 30 4 36 46 21 21 N. 

22. 20 I 58 o 000 77 7 26 12 52 34 8. 77 7 24 12 52 36 8. 
23- 3' 15 37 52 23 I $6 8. 54 38 7 12 19 57 N. 54 38 6 12 19 58 N. 
24. 30 19 14 40 3^5 S. 81 37 16 II 35 49 8. 81 37 12 II 35 53 8. 



AMPLITUDES, Page 141. 



KO. 


GREEN. DATE. 


RED. DECL. 


I. 


Jan. 


26d 


l^\i^'jrai'^% 


18* 


24'5o"S. 


2. 


Feb. 


17 


4 7 28 


II 


48 3 8. 


3- 


Mar. 


29 


2 20 20 


3 


32 20 N. 


4- 


Apiil 


4 


9 53 


6 


7 33 N. 


5- 


Mar. 


4 


19 50 


5 59 15 8. 


6. 


May 


25 


16 44 


21 


7 33 N. 


7- 


June 


2 


9 56 26 


22 


16 52 N. 


8. 


July 


14 


2 15 42 


21 


38 40 N. 


9- 


Aug. 


27 


3 18 44 


9 


S6 7N. 


10. 


Sept. 


7 


21 37 


5 


38 20 N. 


II. 


Oct. 


I 


5 29 50 


3 


23 2 S. 


12. 


Sept. 


22 


13 7 








13- 


Nov. 


2 


21 27 40 


15 


8 5 S. 


14. 


Dec. 


3 


21 13 45 


22 


16 51 8. 


15- 


Mar. 


20 


I 57 52 








16. 


Sept. 


22 


13 7 








17- 


June 


18 


18 41 24 


23 


26 15 N. 


18. 


Feb. 


25 


22 31 52 


8 


36 39 S. 


19. 


April 


30 


15 43 40 


15 


3 40 ]Si. 


20. 


May 


27 


17 32 12 


21 


28 N. 


21. 


June 


15 


19 27 20 


23 


21 46 N. 


22. 


Mar. 


6 


6 5 20 


5 


26 6 S. 


23- 


Sept. 


30 


14 46 48 


3 


8 45 8. 


24, 


June 


X 


5 3* »o 


22 


745N. 



TRUE AMP. TABIATXOK. 

E. 22*53' 26' 8. 22* 6'34*W. 
W. 14 26 54 8. 836 E. 

E. 3 SS 51 N. 23 37 12 W. 

W. 6 32 5 N. 6 32 5 E. 

E. 7 56 55 S. 28 36 50 W. 

E. 35 15 35 N. 35 15 35 W. 

W. 38 31 21 N. 37 24 54 W. 

E. 24 $6 20 N. II 37 25 E. 

W. 10 39 18 N. 23 5 42 W. 

E. 6 II 33 N. 6 II 33 W. 

E. 4 36 33 8. 18 40 18 E. 

East. 000 

W. 17 25 38 8. 2 15 37 E. 

W. 36 7 54 8. 16 26 39 W. 

West. 39 22 30 "W. 

West. 00*0 

E. 23 26 15 N. 17 48 45 W. 

E. 18 39 I 8. 48 50 59 W. 

W. 16 39 24 N. 13 50 39 E. 

W. 32 54 59 N. 21 39 59 E. 

E. 35 56 32 N. 27 30 32 W. 

W. 6 22 16 8. 23 14 46 W. 

E. 4 14 46 8. 7 o 14 W, 

W. 38 13 38 N. 24 9 53 E. 



3»+ 



AKSWEB8. 



TIDES, Page 146. 



I. 9^I9«A.M. 

3- I 31 », 

5- " 37 » 
7. Noon. 

9- 6 *3 » 

II. 10 4 „ 

13- 10 *5 » 

15- "38 „ 

17- 3 >6 „ 

19. 6 47 „ 



9h56 
I 49 



7 4 
10 20 

10 50 

" 55 
3 38 
7 9 



m 



P.M. 






2. 
4- 

6. 

8. 

10. 

12. 
14. 
16. 
18. 
20. 



8^58'nA.M. 
O 2 „ 

Noon. 
8 42 

I 39 

II 54 

8 34 

o 39 






41 

9 II 

2 20 

9 7 

1 I 

o 24 

O 21 



P.M. 
» 

}9 



TIDES (Admiralty Tide Tables), Page 148. 



I. 

3- 
5- 

7- 

9« 
II. 

13- 

15- 

17- 
19. 

ai. 
»3« 



9*» 2™A.M. 



10 46 

II 55 
II II 

II 47 

Noon. 

Noon. 

Noon. 

II 50 
10 7 

" 51 









9*»26»»P.M. 
II 27 



II 45 



o 13 
10 26 



it 



2. 

4. 

6. 

8. 
10. 
12. 
14. 
16. 
18. 
20 
22. 
24. 



6^3 9m A.M. 



II 32 

II 59 
II 49 

11 52 

3 56 
II 24 

Noon. 
II 57 



a 
a 
>» 
>> 
if 

it 
tt 

tt 



13m 

6 



7' 
o 

o 25 

o 6 



4 18 
II 40 



P.M. 

It 

tt 
tt 
it 
tt 
tt 
tt 
)> 
tt 
tt 
tt 



t. 

3- 



lo 33 



t» 



TIDES, Page 150. 



6b 10™ A.M. 6b 33"» P.M. 



II 8 



tt 



2. 

4- 



5b 32" A.M. 
8 16 



tt 



5^48™ P.M. 

^55 tt 



TIDES (Method HI), Page 155. 



1 . 8b 52» A.M. 9b 1 3» P.M. 

3. II 36 „ Midnight. 
5. II 50 „ 



2. 

4- 
6. 



5 
I 

II 35 



3™ A.M. 

8 ,, 
tt 



5^30™ P.M. 

I 36 






I. 

3* 
5. 

7- 
9- 



GEEENWICH DATE BY CHEONOMETER, Page 157. 



NO* ACC. BATE. 



7 ai'4 

7 377 

8 3 

I »5 9i 



OBBEN. DATE. 

Feb. 16^ 7^*53" 5* 

May 7660 

Oct. 25 8 35 42 

Nov. 8 16 27 o 

May I 13 28 o 



NO. ACC. RATE. 



2. 

4. 

6. 
8. 



2™35*9« 

3 ii'i 
5 22 

8 594 



GBEEN. DATE. 

April 19'* 4b 29™ 6* 
June 25 20 56 30 
Jan. 19 12 33 o 
Aug. I o 5 55-4 



HOUR-ANGLE, Page 159. 



I. 4b26«»34» 2. 2b5on»42'» 3. 
^. 4 € S3 7- » 33 42 8. 



4b fom20* 

4 3 50* 



4. 
9- 



4b 6™56' 
4 29 56 



5- 
10. 



3**5i"*a3* 
3 29 ao 



AKSWEBS. 



3^5 



CHEONOMETEES, Pages 167—168. 



NO. GREEN. DATE. 

1. Jan. jd i9^3o"35» 

2. Feb. 18 19 45 57 

3. Mar. 27 23 25 48 

4. April 5 19 73 47 

5. April 30 18 54 3 

6. June 14 17 56 42 

7. July 5 o 33 8 

8. Aug. 13 2 20 42 

9. Aug. 31 19 12 18 

10. Oct. 25 8 35 42 

11. Nov. 27 7 13 53 

12. Dec. 24 16 31 52 

13. Jan. I 14 o 38 

14. Feb. 10 21 33 26 

15. Oct. 25 o 26 10 

16. Feb. 5 23 59 40 

17. April 20 15 48 56 

18. Aug. 21 8 22 2 

19. Mar. 20 I 57 46 

20. June 14 II 6 16 

21. Mar. 21 3 27 42 



BED. DECL. 
22'»54'42*S. 

11 13 9 S. 
3 6 4N. 
6 29 34 N. 

15 6 6N. 

23 19 17 N. 

22 46 38 N. 

14 34 38 N. 
8 16 4N. 

12 20 9 S. 
21 15 16 S. 

23 24 27 s. 

22 ss 56 s. 

13 s^ 40 s. 

12 33 43 S. 

15 30 42 S. 
II 50 37 N. 
II SS 35 N. 

o o 7 S, 

23 18 32 N. 

o 25 3 N. 



TRXnS ALT. 
19' 18* 

34 14 
21 

17 
18 



8 
II 
45 



49' 
21 

30 
16 

28 

39 
48 

27 23 29 

44 44 41 

40 31 

34 50 
10 42 

9 

17 
10 

21 

22 

2 
2 

49 
9 



39 
12 

25 
21 

32 

34 
29 

30 
33 



50 48 
47 5 



I 
6 
56 
31 
54 
24 
7 

15 
I 

39 

32 
28 



EQ. TIME. 

+ 4™23' 
+ 14 5 

+ 5 7-5 
+ 2 28 

— 3 I 
+ o 

t\ 

— o 

— 15 33 
— 12 o 



5 

15 

34 
8 



HOTTR-ANGLE, 
2»»58«»l8« 

4 45 7 

3 43 52 

4 45 44 
4 20 4 

3 26 31 

3 o 12 

2 59 42 

2 37 44 
2 30 o 

6 



X 



'9 
16 

+ 14 31 

— 15 565 
+ 14 24 

— I 19 

2 49 

7 32 
o 2 

7 13 



+ 

X 

+ 



4 

5 

3 

3 

3 

4 

3 

3 

4 
I 



55 
30 14 

49 23 

2 50 

28 35 
22 2 

49 7 
40 26 

3 49 
53 42 

50 6 



LONGITUDE. 

23°52'3o"E. 
138 18 45 E. 

65 48 o E. 

o 44 15 E. 

140 45 o E. 

39 13 oE. 

52 16 15 "W. 

78 57 30 W. 
Ill 19 30 E. 

95 23 45 W. 
173 12 oW. 

29 33 15 E. 
151 44 45 W. 
5 26 15 W. 

62 40 ^W. 

69 II 30 E. 
179 30 24 W. 
179 35 21 E. 

88 29 15 W. 
165 I o E. 

92 38 45 W. 













TEUE AZIMUTHS, Page 


170. 










I. 


S. 


980 


39' 


38" 


E. 


2. 


S. 


41*58' 


i8"E. 


3- 


N. 


69' 38' 38" 


W. 


4. 


s. 


75 


58 


4 


W. 


5. 


8. 


90 32 


54 E. 


6. 


S. 


60 


9 38 


E. 


7- 


s. 


49 


18 


24 


W. 


8. 


S. 


60 3 


6 W. 


9- 


8. 


56 


3 30 


W. 


10. 


East. 








II. 


N. 


■84 5 


W. 


12. 


8. 


60 


3 6W. 


13- 


N. 


89 46 


49 


E.- 


14. 


S. 


103 39 


II W. 













AZIMUTHS, P^^tf 176. 



NO. 


GREEN, 


. DATE. 


I. 


23'! 


23*^ 


'46«n 7' 


2. 


28 


9 43 4 


3- 


27 





34 12 


4- 


2 


19 


8 


5- 


26 


21 


9 32 


6. 


20 


6 


55 44 


7. 


31 


I 


6 46 


8. 


23 


2 


57 38 


9- 


31 


18 


33 2 


10. 


25 


7 


30 28 


II. 


16 


22 


58 2 


12. 


2 


16 


18 50 


13- 


6 


2 


49 30 


14. 


25 


I 


43 33 


15- 


29 


6 


53 47 


16. 


I 


2 


22 23 


17- 


26 





29 58 


18. 


25 


15 40 


19. 


20 


19 


3 20 


20. 


10 


20 


16 


21. 


31 


21 


25 30 



RED. DECL. 

19° 7'43"S. 

7 41 48. 
2 43 44 N. 
5 20 57 N. 

21 19 41 N. 
23 27 n N. 
18 12 36 N. 
II 19 36 N. 

8 16 39 N. 
20 53 10 S. 
23 22 49 8. 

22 58 55 N. 

22 26 53 8. 

13 18 35 N. 

17 45 39 S. 
16 58 28 8. 

2 20 10 N. 

8 43 17 8. 

23 27 13 N. 
4 31 22 N. 

23 o 48 8. 



TRUE ALT. 
38'* 34' 32* 

27 7 43 

29 41 3 

II 50 43 

43 19 41 
16 49 I 

43 35 48 
7 43 28 

30 14 50 
34 2 21 

51 13 o 

14 19 37 
26 46 47 

18 52 s^ 
13 47 28 
40 7 21 

32 50 59 
60 48 32 

15 46 28 

42 38 43 
45 22 20 



LOGS. 
19730879 
19*296540 
19-703908 
19652405 
19-418763 
19808286 

1 9 600897 

19758753 
19*556656 
19-696885 
19712212 
19-259270 

19732554 
19-438802 

19*243082 

19-650544 

19*363968 

19*425109 

19-841771 

18-933854 
19*345856 



TRUE AZIUUTH. 
N. 94°22'20*'E. 

8. 52 49 56 W. 
8. 90 39 18 W. 
8. 84 9 52 W. 
8. 61 36 42 E. 
8. 106 37 54 W. 
8. 78 22 16 E. 
8. 98 29 12 E. 
N. 73 47 22 W. 
N. 89 43 30 W. 
N. 91 46 28 E. 
N. 50 27 22 E. 
N. 94 36 42 W. 
N. 63 12 46 E. 
8. 49 27 40 W. 
N. 83 56 36 W. 
8. 57 28 42 E. 
8. 62 6 48 W. 
8. 1 12 54 22 E. 
N. 34 4 48 E. 
8. s^ II 8E. 



VARIATION. 

4*' 22' 20* E. 

10 13 56 E. 

4 58 12 W. 

8 19 52 E. 
25 36 42 W. 
23 2 6 W. 

9 o 16 W. 

25 10 48 E. 
3 28 37 W. 
9 26 30 E. 

8 53 32 W. 

11 32 38 W. 
29 $6 42 W. 
14 37 14 W. 
23 32 20 "W. 

26 46 36 w. 

22 58 42 W. 
10 21 48 E. 

62 54 22 W. 
10 45 12 W. 
32 a6 8 W. 



$26 



USfSWSBB. 



REDUCTION TO MERIDIAN, Pa^ea 185—187. 



KO. OREBN. 

1. Jan. 4<* 

2. Feb. 28 

3. March 20 

4. April 20 

5. May 29 

6. June 19 

7. July 10 

8. Aug. 29 

9. Sept. 8 
[o. Oct. 10 

I. Nov. 2 

[2. Dec. 23 

3. Jan. 5 

[4. April 28 

[5. July 13 

[0. ^March 20 

17. April II 

8. Sept. 15 

[9. March 15 

20, Dec. 31 

21, March 4 

22, Sept, 22 

23, Dec. 23 



vo, 
I. 

2. 

3« 

4» 

5. 
6. 

8. 

10. 

II. 

12. 

14, 

18. 
21. 

23. 



7 
o 

o 
15 



DATE. 

i*>34"*40« 
I 4 49 

16 34 18 
23 16 s^ 

38 27 
41 12 

* 9 

2 44 

12 15 45 

18 47 58 

17 I 29 
I 18 58 

8 58 28 

I 54 II 

9 46 59 
I 57 16 

10 46 29 

14 29 20 

19 49 I 
o 40 46 

19 8 4 

7 4 42 

o 48 31 



TIME KOON. 
14m gs 

14 45 

25 42 
18 40 
30 27 

15 8 
10 19 

20 24 

9 43 

28 10 

20 5 

29 14 

17 32 
22 37 

22 21 
1656 

10 19 
22 o 

10 46 
20 4 
22 6 

29 55 




BED. DECL. 
22'' 41' II*S. 

7 49 3 S. 

o 14 25 N. 
II s^ 56 N. 
21 42 53 N. 

23 

21 

9 

5 

7 

15 

23 
22 

14 



26 29 N. 

20 27 N, 

3 3N. 

24 31 N. 

2 58 N. 

35 S. 

29 S. 

14 s. 

7N, 



4 
26 



32 
13 



21 44 52 N. 

o I S. 
8 57 10 N, 
2 41 50 N. 

1 40 51 S. 
23 4 55 S. 

5 59 56 S. 
o 5 53 N, 
23 26 31 S. 



TRUE ALT. 
32' 26' 19" 

38 6 33 

47 57 15 
61 39 I 

30 33 7 
68 48 28 

67 52 44 

57 34 6 

85 30 35 

36 44 4 
72 2 22 

65 23 36 

58 17 34 
56 30 3 

13 26 24 
70 30 47 
80 42 18 

44 19 3 
50 12 46 

14 54 41 
50 o $6 

43 55 22 

23 53 10 



MAT. NO. 

1442 
148 1 
4710 
2488 

6517 
1427 

942 

2945 
883 

5214 
3142 

5050 
2670 

4466 

2557 
2580 

990 

3385 

131 
625 

3i5» 
3240 
5776 



LATITUDE. 

34'»46'37''N. 

43 57 56 N. 
41 24 4 S. 

39 59 48 N. 

37 17 55 S. 

44 24 23 N. 
o 38 2 S. 

41 9 59 N. 
9 II 58 N. 

45 50 34 N. 

32 26 38 S. 
47 20 37 s. 

8 52 40 N, 

18 48 51 S, 
54 39 42 S. 

19 2 19 S. 
o I 10 N, 

42 42 49 S. 

38 5 41 N. 
51 58 II N, 

33 42 14 N. 

45 43 15 S. 
42 18 34 N. 



BY TO WSON : 



INDEX. 
21 
264 

68^ 

4IJ 

77 
24 

50 

75J 

_ . 47 
This hour-iEuigle exceeds 

Do. 



AUG. JI. 

3' 23* 

6 13 
24 II 
20 21 

15 38 
-f- 16 27 
-- 20 55 

--19 3 
+ 38 56 
the limits of the table, 
do. 



LATITUDE. 

34°46' 46" N. 

43 57 13 N, 
41 23 58 S. 

39 59 55 N, 

37 17 50 S. 

44 24 18 N, 
41 10 8 N, 

45 49 47 N. 
32 26 36 S. 



5 42 

45 

1 23 
10 36 



54 

49J 

73 



-- 3 32 
- - '5 49 

-- 15 37 
+ 10 41 



54 39 30 8. 
42 42 33 S. 
33 42 8 N. 
42 19 2 N 



KO. 

I. 

3. 
5- 

7. 

9« 
II. 

13. 
i5» 

17. 
«9» 



MERIDIAN ALTITUDE OF STAR, Page 189. 



STA&*8 DECL. 

28°2i' 13' N. 
38 40 o N. 
10 27 34 S, 
14 26 24 N, 
16 41 I N. 

8 4 51 S. 

8 31 17 N. 

19 52 59 N. 
60 16 31 S. 
14 28 47 N. 



LATITUDE. 

43° 15' 16" K, 

I 24 58 S. 

16 19 8 N. 

26 14 58 N. 

43 53 50 S. 

51 38 41 N. 

20 43 7 S. 

30 10 21 N, 

19 50 57 N, 
42 14 46 S. 



NO. 
2, 

4. 

6. 

8. 
10. 
12, 

14. 
16. 

18. 

20. 



star's DECL. 

45'='5i'22"N. 



49 


22 


56 


N. 


57 


55 


2 


S, 


22 


49 41 


N. 


62 


21 


27 


S. 


44 


48 


12 


N, 


16 


3» 


22 


S. 


26 


7 47 


s. 


30 


19 55 


s. 


55 


48 


2 


N, 



LATITUDE. 

9°45'i2"N. 
II 9 45 N. 

8 o 39 S. 

I 5 35 N. 
47 26 26 S, 
25 4 35 S. 
47 37 13 8. 

4 50 38 S. 
50 16 40 S. 
28 o 40 N, 



▲K8WEB8. 3^7 

EXAMINATION PAPER—No. I, Pages 190— 191. 

1. Log. 5 '50 1 368 = Nat. No. 317226 nearly. (The product.) 

2. Log. 2-385606 = Nat. No. 243*0 nearly. (The quotient.) 

3. True Coukses. — S. 2^ W., 15' dep. course; S. 3 J W., 21; N. 5J W., 21; 
N. 3iW., 18; N.5iW., 15; S. 2jW., 13; S.6W., 17; S. 3fW., 8. Diff.lat,2i'^o\ 
dep. 89' -2 W. ; course S. 76* W. ; dist. 92'. LaL in 36* 41' N. Long, in 10' 52' W. 

4. Green, date, Jan. i<* 7»» 18™ 44«; red. decl. 22*57' 25* S. ; true alt, 6o* n* /^f. 
Latitude 6° 49' 48* N. 

By Raper : True alt. 60° 12' 38". Latitude 6"* 49' 57* N. 

5. Log. of diff. long. 2*394015 =: Biff. long. 247' -8. 

6. Diff. lat. 176' S. ; mer. diff. lat. 319' ; diff. long. 517' W. ; log. tang, of course 
10*209699; course S. 58* 19' 28^^ W. ; log. of distance 2-525263 ; distance 335''2. 

7. 1^ 37™ A.M. ; 2^ 8™ P.M. 

7a. 4^ 4o°» A.M. ; 5^ 12™ P.M. (Method II.) 
7*. 7^ 36'n A.M. ; 8^ 2« P.M. (Method III.) 

8. Green, date i<* 51* 23™ 24" ; red. decl. 22" 57' 51" S. ; log. sine true amp. 97 88033, 
True amp. E. 37'* 51' 55" S. Variation 23° 48' 10* E. 

9. Green, date 29<* 6'» 53™ 49*; red. decl. 17"* 45' 39* S.; true alt. ti^ 47' 28*; 
hour-ajigle t^ 23™ i3»; red. eq. time add 13™ 32*; mean time ship 29* 3I1 36« 45». 
Longitude 49° 16' o" W. 

Raper : True alt. 13® 47' 13* ; hour-angle 3** 23™ i5". Longitude 49° 15' 30* W. 

10. Green, date 15* 6^ 11™ i2"; red. decl. 21° i' 2* S. ; true alt. 55* 18' 24* ; sum 
of logs. 19722335 ; true azimuth N. 93<» lo' 6" E. Variation 6® 10' 6* E. 

By Raper: TVue alt. 55° 18' 22*; sin. sq. of azimuth 9712337 ; true azimuth 
N. 93» 10' f E. Variation 6* 10' f E. 

11. Time from noon 16™ 47" ; Green, date i6«* 14^ 18™ 55* ; red. ded. 20® 45' 28* 8. ; 
true alt. 33® 7' i" ; nat. cos. mer. zen. dist. 548376 ; mer. zen. dist. 56® 44' 40* N. 
Latitude 35° 59' 12* N. 

Raper: True alt. 33° 6*59*; istred. + 8' 18"; 2ndred. — i*. Latitude 35*59' i6*N. 
Towson: Aug. I, 3' 3"; index 30 ; aug. II, 5' 10". Latitude 35® 59' 18" N. 

12. Star's decl. 16° 14' i* N. ; true alt. 52* 30' 36*. Latitude 53*' 43' 25' N. 
Raper: True alt. 52" 30' 32*. Latitude 53" 43' 29* N. 

13. N, 27^32' W.; N.o«>22'W,; N. 38«> 59' E, 



EXAMINATION PAPER—No. n, Pages 191— 193, 

1. 3*573829 = 3748*25. (The product.) 

2. 1*168523 = 14*7409. (The quotient.) 

3. TrueCouhses. — N. 3 J E., 1 8' dep. course; S. 7(E.,29; S. 6E.,26; N. 3}E.,2a; 
N. 2 E., 18 ; S. 2 J E., 15 ; S. 4^ E., 21 ; S. 3 J E., 12' current course. Diff, lat, 1*9 ; 
dep. 115*5; course 8. 89° E. ; dist. 115 J'. Lat, in 47° 29' N. ; diff, long, 171' E. 
Long, in 49' 42' W. 

4. Green, date, Jan. 31* 18^ 47" 4* ; red. decl. 17° 3' 43' 8. ; true alt. 78® 17' 52*'. 
Latitude s"" ^i' 35" 8. 

By Raper : True alt. 78" 17' 50*. Latitude 5® 21' 33* 8. 

5. Log. of diff. long. 2*518908 = JDiff, long, 330' '3. 



3*8 

6. Difll Ut 2404' S. ; mer. difE lai 3104'; difll long. 3692'; tang, course 10-075340; 
e(mr$e 8. 49' 56' 42" W. ; log. of distance 3*572370 ; distance 37 35' '6. 

7. 3*» 4i~ A.M. ; 3*» 56™ P.M. 

7«. 5»» 47« A.M. ; 6^ 9" p.m. (Metliod II.) 

7^. Bemidiameter 15^ 9* ; oorr. + 20™ ; 5** 40" A.M. ; 6*» 5™ p.m. (Metliod TTT ) 

8. Green, date 19* i8*» 10™ i2» ; red. docL 10° 52' 54* 8. ; true amp. W. 1 1® 7' 35'S. 
Variation 1 1® 22' 25* E. 

9. Green, date 9** 9** 3o» 41 • ; red. decL 14" 26' 5* 8. ; true alt. 9* 14' 2* ; red. eq. 
time add 14™ 31" ; hour-angle 3^ 38™ 50«. Longitude 166° 15' E. 

Baper : True alt. 9* 13' 51" ; hour-angle 3** 38"* 5i«. Longitude 166° 14' 45* E. 

10. Green, date 16'* 5^ 29" 51* ; red. decl. 12° 8' 3* 8. ; true alt. 7" 15' 55* ; sum 
of logs. 19*402623 ; true azimuth 8. 60° 21' 28" E. Variation 24* i' 28* W. 

Baper: True alt. 7" 15' 43*^; sine sq. 9*402729 ; true azimuth 8. 60P 21' 58* K 
Variation 24° i' 58' W. 

1 1. Time from noon 28™ 48" ; Green, date 14** 19^ 54™ ; red. decL 12** 36' 57*^ 8. ; 
true alt 46^ 31' 34' N. ; nat. cos. mer. zen. dist. 729995 ; zen, dist. 43° & 50* S. 
Latitude sf 43 47* S. 

Baper : True alt. 46* 3 1' 28* ; ist red. + 21' 30* ; 2nd red. — 4" ; Lat. 55«» 44' 3* S. 
Towion : Aug. I, 5' 47* ; index 76 J ; aug. II, 27' 45*. Latitude 55® 43' 35* 8. 

12. 8tar*s decl. 5" 33' 52^ N. ; true alt. 77" 14' 26". Latitude 18* 19' 26" N. 
Baper: True alt. 77° 14' 16'. Latitude 18° 19' 36* N. 

13. 8. 11° 57' E,; 8. 60^ 431' W. 



EXAMINATION PAPER— No. m, Pages 193—194. 

1. 4*486380 =r 30646-4. (The product.) 

2. 1*875495 ^ 75*07. (I'he quotient.) 

3. Tkue C0UE8E8.— 8. 6J E., 17' dep. course; S. 3 W.,, 20*7 ; 8. 2J W., 20; 
N.4}W.,24; N.4iW.,26; S.7jE.,i9; 8.3iE.,i8; N.4|E.,2i. Dif.lat. iyi8.; 
dep. 1*6 E. ; course 8. 6® E. ; dist» 14'. Za^ m 61° 47' N. ; <f?^. long. 3' E. Zo»2^, m 
150° 3' E.^ 

4. G^ecn. date 2o<* 11^ 33™ 12"; red. decl. o* 9 28" N. ; true alt. 89° 54' 37". 
Latitude o® 4' 5' N. 

Baper : True alt. 89' 54' 32". Latitude o' 4' o' N. 

5. Log. of diflf. long. 2-679550 = L>iJ'. long. 478''i. 

6. Diflf. lat. 688' N.; mer.diff.lat.786'; diflf. long. 3625' W. ; «wmN.77°45'58*W.; 
distance 3247'. 

7. i*» 13™ A.M. ; ii» 28«» P.M. 

7a. 2^ 54'" A.M. ; 3^ 29" P.M. (Method II.) 
7^. o^ 49™ A.M. ; i»» II™ P.M. (Method III.) 

8. Green, date 5<* 2oJ» 16^ i6« ; red. decl. 5' 35' 37" 8. ; true amp. W. 9' 9' 3* 8. 
Variation ©<> 42' 48* W. 

9. Interval i3o<i 23^ ; Green, date 30*^ 22'* 53™ i2»*5 ; red. decl. 4* i5'27*N. ; true 
alt. 29' 19' 55* ; hour-angle 2^ 57" 9' ; red. eq. time add. 4°^ i2«*i ; mean time ship 
30* 20*» 7"» 3". Longitude 41* 32' 15* W. 

Baper: True alt. 29* 19' 45*; hour-angle 3^ 57" io». Longitude 41' 32' 15" W. 

10. Green, date 9'^ 9^ 43" 5' ; red. decl. 4° 12' 34" 8. ; true alt. 18° 6' 51*; sum 
of logs. 19*603892 ; true azimuth N. 78' 39' 38" E. Variation 7'' 17' 8* E. 



AN0WZB8* J 20 

Kaper: True alt. 18" 6' 43*; sine sq. 9*603914; true azimuth N. 78® 39' 47* B. 
Variation 7* 17' 17" E. 

1 1. Time from noon 10" 14* ; Green, date 24'* 1 8^ 13M 34" ; red. decl. i* 50' 29* N. ; 
true alt. 71' 20' 43" ; nat. cos. mer. zen. diet. 943397 ; mer. zen. dist. i8' 29' 12" N. 
Latitttde 20* 19' 41" N. 

Raper: Truealt. 7i'2o'37*'; istred. + io'26''; and red. — 3*. Za^t^M^foio* i9'35*N. 

12. Star's decl. 19® 52 58* N. ; true alt. 36° 7' 27*. Latitude 33® 59' 35* 8. 
Raper : True alt. 36® 7' 22". Latitude 33" 59 40* S. 

13. 8. 70° 41' W. ; N, 84° 19' E. 



EXAMINATION PAPER— No. IV, Pages 194—196. 

I. 4*106123 = 12768*0. 

2. 2*513218 =: 326*0. 

3. True Couiu3E8.--S. } W., 19; 8. 7f W., 14; N. if E., 21-4; 8. 3 E., 8*9; 
N. si W., 11*6 ; N. 4i B., 9*4 ; 8. 5 J W., 13*9 ; 8. 5 J W., 22*5. Biff, lat, 12*9 8. ;" 
ffipj?. 38*5 W. ; course 8. 7 1 J* W. ; diet, 41'. 2«^. ^50" 25' 8. ; diff. long, 60 W. Long, 
in 179° 20' E. 

4. Green, date i* 51* 50™ 48' ; red. decl. 4* 45' 22* N. ; true alt. 48* $$' a6*. 
Latitude 45** 49' 56* N. 

5. Log. of diff. long. 2*364667 = Biff, long. 231*5. 

6. Diff. lat. 325' N. ; mer. diff. lat. 552' ; diff. long. 325' W. ; tang, courae 9*769944; 
course N. 30° 29' 17' W. ; distance 377*1 -|— 

7. 8^ 42" A.M., 9'» 20" P.M. 

7«, lo^ 36«n A.M., io'» 55™ P.M. (Method 11.) 
7*. 7** 53" A.M., 8^ 19m P.M. (Method III.) 

8. Green, date 27** 23^ i8» 50'; red. decl. h** 14' 4* N. ; true amp. W. x8*' i5'5i*' N. 
Variation. 15° 29' 9* W. 

9. Ace. rate 15™ 36»*9 ; Green, date 14'* 22^ 9" 3"; true alt. 26* 37' 25"; red. ded. 
9** 50' 45* N. ; hour-angle 2^ 58™ 54" ; mean time ship 15'' 26^ 58™ 54«. Longitude 
72° 27' 45" E. 

10. Green, date i7<* 2*» 43*n 25* ; red. decl. 10* 37' 11" N. ; true alt. 42* 20' 39"; 
true az. 8. 64'' 10' 58' W. Variation 19' 49' 2* W. 

II. Time from noon 28™ 38*; Green, date 18* ii*»38»34»; red. decl. ii*5'5i''N.; 
true alt. 54* 20' 16" ; mer. zen. dist. 35"* 8' 20* N. Latitude 46° 14' ii* N. 

12. Star's decl. lo® 27' 34" 8. ; true alt. 20* 50' 39". Latitude 58* 41' 47"!^. 

13. 8. 68* 11' W. ; 8. 78'' 10' W. ; N. i3» i' E. ; 8. 79© 16' E. 



EXAMINATION PAPEE—No. V, Pages 196—197. 

1. 4-838071 = 68876*5 +. 

2. 2*326661 = 670*90 -{-. 

3. Truk Coueses.— 8. 3 E., 12 ; 8. i J E., 12*3 ; 8., 16 ; N. 5} W., 12*9 ; N. 7iB., 

i6*4 ; 8. 6 W., 7*3 ; N. 3i E., 10*7 ; 8. 3} W., 20*4 ; N. 4J E., 29. Biff, lat, 20*2 8. ; 
dep. 23*5 E. ; course 8. 49* E. ; dist, 31'. Lat. in 64^ 22' 8. ; diff, long, 53. Long, in 
141* 14' E. 

UU 
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4. Ghreen. date 8^ 7** i» %• ; red. decL 17* 14' 4f K. ; true alt. 76* 14' 11'. Lot. 
3* 38' 54* N. 

5. Log. of diE long. 2*991876 = Diff. long. 9837. 

6. Diff. lat. 732 S.; mer. diflllat. 881'; diff.long. 1098'W.; <Jo«r«<?S.5i*»i5'27"W.; 
distance 1170'. 

7. 8»» 4i"» A.M., 9^ i3"» P.M. ii*» 5i» A.M., no p.m. No a.m., o1» 3™ p.m. 
7a. iqI* 53™ A.M., 1 1** 14™ P.M. (Method n.) 

7*. i>» 2™ A.M., 1^ 24"» P.M. (Method III.) 

8. Ghreen. date 20"* 16^ 6"» 24" ; red. ded. 20* 10' 40* N. ; true amp. E. 29* 42' ii^'N. 
Variatum 12"" 10' 18* E. 

9. Green, date 2i<* 2o>^ 59™ 21* ; red. decl. 20^ 2$' 8^ K. ; red. eq. tune fwht.J 
3m jgf 5 J true alt. 32® 19^ 31*; hour-angle 4^ I'j^ i8* ; mean time ship 21** 19^ 39™ $*, 
Longitude id* 4' W. 

10. Green, date 25** 9^ 53™ $1*; red. decl. 21* 4' 36* N. ; true alt. 40® 54' 26* ; 
logs. 19*633828 ; true az. 8. 8i*» 59' 36' W., or N. 98'* o' 24" W. Var. 10* 29' 36" E. 

1 1. Time firom noon 25™ 25* ; red. decl. 17* 46' 55* N. ; true alt. 43" 39' 55" ; nat. 
COS. mer. zen. dist. 45* 55' 30' 8. Latitude 28* 8' 35" 8. 

Towson: Aug. I, + 6' 12" ; index 63J ; aug. 11, + 18' 26* Lat. 28* 8' 32* 8. 

12. Star's docl. 10® 27' 35* 8. ; zen. dist. 19" 53' 44" 8. Latitude 30* 21' 19" 8. 

13. 8. 58' 22' E. ; N. 27» 32' W. ; 8. 58° 12' W. ; N. 52° 14' E. 



EXAMINATION PAPEE— No. VI, Pages 197—199. 

1. 5*707396 = Nat. No. 5097 95+. (The product.) 

2. 2*645180 = Nat. No. 441*754-. (The quotient.) 

3. TkueCouiujEh.— 8. 7f E., 22-5; N.6}E.,24-9; N. iJW., 14-7; N.6}W., 106; 
N. 4 E., 18-2; 8. 6} E., 12-7; N. si W., 11-9; N. s\ W., 19-4; 8. i W., 9; 
N. i}E., 81; 8. 3 J W., 16. Diff, lat. 346 N. ; dep. 20*1 E. ; eouree N. 30° E. ; 
diet. 40'. Lat. in 56* 47' N. ; diff. long. 37'. Long, in 135* 3' W. 

4. Green, date 31** 17^ 34™ 52"; red. decl. 22° 3' 43* N. ; true alt. 75* 49' 26". 
Latitude 7" 53' 9' N. 

5. Log. of diff. long. 2*487692 = Liff. long. 307*3+. 

6. Diff. lat. 2 1 81' 8.; mer. diff. lat. 2301'; diff. long. 3038' W. ; <«)«rw8. 52^*51' 34* W. 
distance 3612'. 

7. 4»» 32»n A.M., 5^ 3m P.M. II»» 32" A.M., nO P.M. No A.M., O^ 24» P.M. No A.M., 
oh 13m P.M. o** 59™ A.M., I*» 30™ P.M. 

7a. 4»» 5« A.M., 4»» 30™ P.M. No A.M., o^ 16™ P.M. (Method II.) 
7*. Correction — i** 4«», $^ o«» a.m., 5^ 26™ p.m. (Method III.) 

8. Green, date 9'^ 20»» 43™ ; red. decl. 23* i' 54^^ N. ; sine of true amp. 9*688390; 
true amp. W. 29° 12' 25* N. Variation 'j^ 21' 20' "W. 

9. Interval 45** *ii**; Green, date 14** 21** 45'" 20"; red. decl. 23" 19' 42* N.; 
true alt. 28** 49' 39" ; red. eq. time o" 7«*2 additive ; hour-angle 3^ 49" 4" ; mean time 
ship 14* 27^ 49"» 1 1». Longitude 90° 57' 45* E. 

10. Ghreen. date 7** 22^ o™ i2«; red. decl. 22' 52' 18* N. ; true alt. 31° 18' 54*; 
true azimuth 8. 107" 31' 28* E. Variation 14** 31' 28* W. 

1 1. Time from noon 37™ 26" ; Green, date 4* 14^ 16" 2" ; red. decl. 22* 32' 20* N. ; 
true alt. 56" 3' 23" ; mer. zen. dist. 39* 25' 31* N. Latitude 6i' 57' 51" N. 

Towson : Beyond the limits of the Tables. 

12. Star's decl. 28** 20' 48* N, ; true alt. 48«» 33' 47*. Latitude if 5' 25* S. 

13. N. 65^33' W.; 8. 89^35' E.; 8. i9»6'E.; 8.43»4o'W. 



ANSWERS. at 

EXAliUNATION PAPER-No. VH, Pa^es 199— 20a 

1. 4-141829 = Nat. No. 1 3862*i-(-. 

2. 2-537819 = Nat. No. 345-0. 

3. True Courses.— S. i W., 17 ; S. 6| E., 22 ; S. 5J E., 6-5 ; N. 3^ W., 5-^ ; 
S. 6iW., 26; S.6E., 17; S. 3W.,27-4; S.4jE.,i4-6; S.2JE., 15-8; N.5JW.,9. 
Dif. lat. 78-5 ; dep 8-i ; course S. 6*» E. ; dist, 79'. Za#. m 50° 6' -5 N. ; dif. long. 13' E. 
Zongf. in 9° 16' W. 

4. Green, date 26<i o** 49" i6»; red. decl. 19® 23' 23* N. ; true alt. 15** 46' 12". 
Latitude 54° 50' 25^^ S. 

5. Log. of diff. long. 2-633861 = Liff. long. 430*4 nearly. 

6. Diff. lat. 745' S. ; mer. diflf. lat. 1042; diff. long. 1292' W. ; " course S. 51° 6' 50^ W. ; 
distance 11 87'. 

7. 11^ 47"^ A.M., no P.M. 

'J a, 5^ 21™ A.M., 5^ 45™ P.M. (Method II.) 

7*. Correction + 24", 11^ 45™ a.m., no p.m. (Method III.) 

8. Green, date 1 2'' 6^ 36™ 32* ; red. decl. 21° 54' 46" N. ; trueamp. W. 25° 16' 16 "N. ; 
Variation ji° 17' 29" W. 

9. Green, date 16'' 21^ 58™ 29^ ; red. decl. 21° 11' 15" N. ; true alt. 13° 31' 22''; 
red. eq. time 5" 48«*6 additive; hour-angle 3^ 51" 25* ; mean time ship 16*^ 27*^57™ i4». 
Longitude 89° 41' 15" E. 

10. Green, date 4*^ i^ 53™ 22^ ; red decl. 22° 51' 51" N. ; true alt. 12° 21' 31" ; 
sum of logs. 19*206642 ; true azimuth N. 47° 18' 6" E. Variation 17° 18' 6" E. 

1 1 . Time from noon 25" 20" ; Green, date 30'* 1 8^ 52™ 32* ; red. decl. 1 8° 16' 23" N. ; 
true alt. 26^ 24' 19" ; mer. zen. dist. 63° 19' 57' S. Latitude 45° 3' 34" S. 

Towson : Aug. I, + 6' 16" ; index 63 ; aug. II, + 9' 27 ". Latitude 45° 3' 35 " S. 

12. Star's decl. 26° 7' 47" S. ; true alt. 70° 5' 46". Latitude 46'=' 2' i" S, 

13. N. 2°59'E.; N. 7°24'W. 



EXAMINATION PAPER-No. VHI, Pages 200—202. 

1. 5-889986 = 776221 +. 

2. 2676541 = 474*83. 

3. True Courses.— N. 4} E., 15 ; S. 2J E., 26 ; N. 3} W., 27*1 ; N. 4} W., ai ; 

S. 2\ E., 25 ; S. 3 E., 22 ; N. 6\ W., 43 ; S. 1} W., 18. Biff. lat. 24-3 ; dep. 35-4 ; 
course S. 56° W. ; dist. 35*4'. Lat. in 0° 14' S. ; diff. long. 35 W. Long, in 173° 15' E, 

4. Green, date 11* 17** 51"* i2»; red., ded. 14° 59' 12" N.; true alt. 42° 50' 17". 

Latitude 32° 10' 11" S. 

5. Log. of di^. long. 2-805956 = Diff. long, 639*6 +. 

6. Diff. lat. 421' N. ; mer. diff.- lat. 590 ; diff. long. 249' E. ; course N. 22° 52' 53" E.; 
distance 457, nearly. 

7. 7^ 12" A.M., 7^ 54™ p.m. 6^ 34» A,M., 7^ l6» P.M. 

'ja. No A.M., o** 19" ^.M, ioi» 35'» a.m., ii»* 13" p.m. (Method 11.) 
7^. Correction + 8% i^ 3"* a.m., i^ 26" p.m. (Method III.) 

8. Green, date July 31** 23^ 53°* 44*; red, decl, 17° 58' if N.; true amp, 

W, 22° 44' 33* N. Variation 2° 34' 12" W, 

9. Green! date 6* 20^ 32™ 37'; red. decl. 16° 24' 31" N. ; true alt, 24° 17' i* ; red. 
eq. time 5^ 30^ additive ; hour-angle 4^ 25'^ 44* ; mean tlzae ship 6<^ 28^ 3i» i4>. 
longitude 119° 39' ^S"'^ 
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10. Green, date Aug. i9<* 2o*» ^v"* 39*; red. decl, 12° 25' 19' N.; true alt, 17° 36' 21 " ; 
sum of logs. 19*054055 ; true azimuth N. 39° 19' 54" "W, Variation 33° 42' 24" W. 

11. Time from noon 35"» 15* ; Green, date io«* 12^ 55™ 5'; red. decl. 15° 20' 47" N ; 
trae alt, 34° 48' 15 ' ; nat. oos, mor, zen. dist. 54° 34' 36" S, latitude 39° 13' 49" S. 

Towson : Aug. I + 10' 30* ; index 90; aug. II + 26' 38'. Latitude 39° 13' 50'' S, 

12. Star's ded. 8^ 31' 14' N,; true alt, 66^ 48' 17', Zatitttde 14P 40' 29' S. 

13. S. 70^ 41' W. ; N, 7*° 24' W, 



EXAMINATION PAPER— No. IX, Fa^es 202—203. 

1 . 5*060365 = II 49 1 2 . (The product.) 

2. 2'5 1 32 1 8 = 326*0, (The quotient.) 

3. True CoxnEtSBs. — S. 5J "W., 14; S. 2J "W., 19*6; W., 22; S. i E,, 13*2; 
N. 3lW., 7; S, J W., 8-4; N. 3j W., 4-5; S, 3 W., 13-8; N. 2J W., 5*6; 
8. 5 W., 9 ; N. J W., 32, Dif. lat. i6-8 ; dep. 67*1 ; cowr^o S. 76^ W. ; cfw^ 69'^ 
Lat, in 57° 40' N. ; diff, Iwi^, 127, Long, in 5° 5' E, 

4. Green, date 22* 8>> 15" o» ; red, ded, 0° 4' 44'' N, ; true alt, 90° 1' 49 ", Latitude 
0° 6' 33" N. 

5. Log. of diff. long. 2*574252 = Diff. long, 31 5*^* 

6. Diff, lat, 3607' S.; mer. diff, lat, 3798'; diff, long, 4007' E, ; coMr«eS,46^32'2' E.; 
distance 5243'. 

7. o*» 17™ A,M,, c^ 58«n p,M, iii» 49" A.M., no P.M. ii>> 53™ A.M., no P.M. Noon. 

No A.M., O^ 2™ P.M. 

7flf. 5^ o™ A.M., 5^ 23™ P.M. 6^ 3™ A.M., 6*» 26™ P.M. (Method II.) 

7*, Semid. 15' 24' ; corr, — 3™ ; o^ i3'« a.m., o^ 40™ p.m, (Method m,) 

8. Green, date i8«i 20^' 29" 32' ; red. decl. 1° 26' 16" ; true amp, E. 1° 46' 6' N. 
Variation 1° 46' 6" W. 

9. Green, date August 31'* 15^ 35n» 10"; red, decL 8° 19' 20' N. ; red, eq. time 
o« 5" aubtractive; true alt. 62° 25' 6"; hour-angle i^ 51™ 36' subtractive ; mean time 
ship August 31* 25^ 51™ 3i«. Longitude 154° 5' 15" E, 

10. Green, date 16'' i*>29™54"; red. decl. 2° 31' 7' N,; true alt, 29° 42' o"; 
sum of logs, 19-702079 ; true azimuth S. 90° 24' 42" E, Variation 8° 15' 18" E. 

11. Time from noon 16" 57* ; Green, date 22'' 1 2^ 27" 39* ; red. decl. 0° o' 38'' S, ; 
true alt, 62° 9' 19" ; mer, zen, dist. 27° 32' 45" S. Latitude 27° 32' 7* S, 

Towson: Aug, I, + o ; index 36 ; aug. II, + 18' 7'. Latitude 27° 31' $6' S. 

12. Star's decl. 19° 53' 13" N. ; true alt. 86*^ 31' 21", Latitude 16° 24' 31'' N, 

13. N. I** 14' E.; S. 66° 13' E. 



EXAMINATION PAPEE— No. X, Pages 203—205. 

1, 3*283783 = 1922*13 +, 

2, 2*936010 = 86*30. 

3, True Coubses.— N, 5f E., 16 ; S, i W., 17 ; S, ^% W., 19 ; N, 4J E., 17 ; 
N, 6J E., 9 ; S., 3 ; S, 4j W., 3 ; S. 4 E., 13 ; N. 7 J E., 21. Biff, lat, 25-5 S ; dep, 
52*9 E, ; course S, 64° E, ; dist, 59', Lat, in 59° 23' N. ; diff, long, 106', Long, in 
42° 8' W, 
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4. Green, date 20«i lo^' i«« 40"; rod. decl. 10° 35' 59" S.; true alt, 50° 11' 14". 
Latitude 50° 24' 45" S, 

5. Log. of diflf. long. 2*3807 1 1 = Biff, long, 240*1. 

6. Diff. lat. 140' N. ; mer. diff. lat. 142' ; diff. long, 214' E. ; course N, 56^ 26' 19" E.; 
distance 25 3'* 2. 

7. II»' 22"^ A.M., no P.M. 8h 40™ A.M., 9*» 11"* P.M. 61» 33™ A.M., 7^ I4'" P.M. 

4'' 59™ A.M., 5^ 40™ P.M. 
7a. lo'i 40™ A.M., ii'» 14'n P.M. (Method II.) 
7*. o'l 17™ P.M. no A.M, (Method III.) 

8. Green, date 8^ ii»» 13™ 48' ; red, decl. 6^ 10' 15' S. ; true amp. E. 6*^ 31' 5' S, 
Variation 1° 55' 10' "W, 

9. Interval 105** 4^ ; Green, date 30^^ 3'' 45*" 57* ; red, decl. 13° 56' 39" S. ; true 
alt, 28° 56' 36" ; hour-angle 4'' 11™ 49* ; red. eq, time 16™ 13* 8 sM, from app, time ; 
mean time at ship 29'' 19'' 31" 57«. Longitude 123*^ 30' o" W, 

10. Green. date Sept. 30<* 18'' 43™ 48* ; red. decl, 3° 12' 45" S. ; true alt. 14° 7' 3' ; 
sum of logs. I9'69i494; true az, N. 89° i' 20" W. Variation <f 24' 55" E. 

11. Time from noon 17™ 8"; Green, date 2«* i»' 17™ 8«; red. decl. 3° 42' 13' S. ; 
true alt, 47° 39' 40" ; mer, zen, dist. 42° 9' 8 " N. Latitude 38° 26' 55" N. 

Towson : Aug. I + 37 " ; index 36 ; aug. II + '©' *8". Latitude 38° 27' 2" N. 

12. Star'ff decl. 14° 29' 17" N. ; true alt. 54° 6' 7'. Latitude 50° 23' 10" N. 

13. N. 62° 21' W. ; N, 16° 13' E. ; N. 9° 54' W, ; N. 58° 42' E. 



EXAMINATION PAPEEr-No. XI, Pages 205—206. 

1. 4'82o656 =z 66i69'2, (The product.) 

2. 0*948890 = 8*889+, (The quotient.) 

3. True Courses.— -S. 3 J W., 16 ; N. i E., 17 ; 8,54 E„ 19-4 ; N, 6JW., 3i'i ; 
S. 6:1 E., 17-4 ; S. I J E., 19 ; S. 6} "W., 24-9 ; S. 7 J E,, 22'5. Diff, lat, 29-3 S, ; 
dep, o*7 E, ; course S, 2° E. ; dist, 30', Lat, »;* 51° 31' N. ; diff, long, i E, Long, in 
120° i E. 

4. Green, date i^^ 18^ 39™ i6«; red, decl, 18° 31' 11" S. ; true alt, 67° 57' 49", 
Latitude 40° 33' 22 ' S, 

5. Log. of diflf. long, 2*294311 = Biff, long, 196*94-, 

6. Diflf, lat. 1928' N.; mer, diflf, lat, 23 83'; diflf. long. 4290' E. ; course N,6o°56'56'E.; 
distance 397o''44-, 

7. 11'' 47™ A.M., no P.M. tide. No a.m., o^ la™ p.m. ii^ 53" a,m., no p.m. 
7a. 1 1"' 45" A.M., no P.M. (MetHod II.) 

7^. 6h 4m A.M., 6h 32" P.M. (Method III.) 

8. Green, date 9* 12^ 20™ 44" ; red. decl. 17° 6' 14" S. ; true amp. E. 33^56' 39" S, 
Variation 36^ 22' 6" W. 

9. Interval 36<* 3^* ; Green, date 30** 2'» 48" 52* ; red. decl. 21° 43' 51" S. ; red. eq. 
time II™ o" subtractive 'f true alt. 39® 47' 7' ; hour-angle 3^ 43*" ii"; mean time ship 
29^ 20^ 6™ 49«. Longittide 100° 30' 45" W. 

10. Green, date 15** 10^ 46™ 27'; red. decl. 18®. 41' 32* S. ; true alt. 43° $s' T' J 
true azimuth N. 69° 47' 4" W., or S. i io» 1 2' s^' W. Variation 16° 42' 56'' E. 

11. Time ftt)m nooij 39*" 26" ; Green, date 13*^ 2^ 36™ 2" ; red. decl. 18® 5' xi" S. ; 
true alt. 56° 1 1' 51' ; mer. zen. dist. 32" 52' 45 ' S. Latitude 50* 57' $6" S. 

12. Star's decl. 30° 19 sT 8. ; true alt 59* 36' i". Latitude 60** 43' $$'' 8, 

13. S. 43''49'E.1 8.46°7'W.; N. 68^25' B. 
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EXAMINATION PAPER-No, Xn, Pags9 206—208. 

I. 2*573829 =374'8a5- 

a. 3168317 = i473'38+. 

3. True Coubses.— S. 3 W., 16 ; N. 5J E., 131 ; S. $\ W., 15 ; S. 3J E., 15-1 ; 
K. 3f W-, ^S'S ; N. 6\ E., 156 ; a 5i W-, 16 ; S. i\ E., 6. Dif. fe<. 245 8 ; dep. 
8*3 W. ; course S. 19° W. ; ditt. 16'. Zff<. in 46* 46' -5 N. ; diff, latig, it!. Long, in 

^ 14' w. 

4. Oreen. date 3i<* 8*» 15™ ; red. decl. 23* 3' 24* 8. ; true alt 67' 20' 49'. Latitude 

d* 24' 13' S. 

5. Log. of diff. long. 2*346353 =z Biff, lot^g^^^'. 

6. Diflt lat. 4766' 8. ; mer. diflf. lat. 5 205' ; diff. long. 3735' W-; course 8. 35* 39' 45 'W. 
dietanee 5866'. 

7. io'> 45« A.M., 1 1^ 8« P.M. Noon, o^ 4™ a.m., o^* 30™ p.m. No a.m., o^ 23™ p.m. 
fa. ii** i3» A.M., ii*» 34" p.m. (Method II.) 

7*. No A.M., o** II™ P.M. (Method III.) 

8. Green, date 28^ 4'* 10™ 49'; red. decl. 23* 16' 2" 8.; true amp. E. 35'' 13' 52" 8. 
Variation 15' 32' 37 " E. • 

9. Green, date 24** 8*> i3«» 24"5; led. decL 23* 24' 59* 8.; red. eq. time add 
o« 8*'4; true alt. 40* 54' 8* ; hoar-angle $^ 4J«» i7«. Longitude 178* 38' 15* W. 

la Green, date 27** 4*» 40™ ic ; red. decl. 23" 1 8' 59* 8. ; true alt. 20* 27' 7* ; true 
azimuth 8. 57* 22' 46" E. Variation 6° 18' 29" E. 

II. Time from noon 30" 40* ; Green, date 4* i^ 3o« o» ; red. decl. 22* 18' 16' S. ; 
true alt. 60® 7' 18* ; zen. dist. 29° 17' 10' 8. latitude $1** 35' 26" 8. 

12. Star's decl. 5* 33' 48" N. ; true alt. 52° 45' ss'- Latitude 31* 40' 17' 8. 

13. 8. 88» 20' E. ; 8. 38° 44' W. ; N. 14° 25' W. ; N. 80° 58' E. 



EXAMINATION PAPER— No. XIII, Fagea 208—209. 

1. 3*760573 = 5762. 

2. 1*909591 = 81*2066. 

3. True Courses.— N. 7i W., 18; N. 7 J W., J04; N. 5J W., 9*9; N. 2f W., 
9*9; 8.4W., 14; N.iW.,i5-9; N.5fW.,7-3; 8.i2E.,7-6; N. 7I W. 86 ; 

N. 7 W., 61 ; 8. 5j E., 16. Biff, lat. 136 N. ; dep. s^S W. ; course N. 76J'» W. ; 
distance 58'. Lat. in 36* 21' 8. ; diff. lomj. 70'. Long, in 111° 35 J' W. 

4. Green, date io<* I'j^ 51™ i2«; red. decl. 15® 17' 8* N.; true alt. 42** 50' 17*. 
Latitude 31* 52' 35* S. 

5. Log. of diff. long. 2*149455 = Biff, long. 141' *o8. 

6. Diflf. lat. 1 890' 8. ; mer. diflf. lat. 2 392' ; diff. long. 1 894"W. ; course 8. 38* 22' 2 i*W. 
distance 241 1'. 

7. 3^ I"» A.M., 3»» 32» P.M. 10^ 13" A.M., 10^* 4I» P.M. No A.M., O^ 13" P.M. 

7tf. 6»» 52« A.M., 7^ 18™ P.M. (Method II.) 
7*. 4*> i4«» A.M., 4^ 37«» P.M. (Method III.) 

8. Green, date 28*» 4>» i4« 48" ; red. decl. 13' 17' 12* 8. ; true amp. E. 20* 47' 55" 8. 
Variation 24^ 7' 55* E. 

9. Green, date lo^ 5h 22™ i3»; red. decl. 8'* 8' 31" N. ; true alt. 44* 44' 11''; red. 
eq. time i™ i3"-4 additive ; hour-angle 2^ yj"^ 41 ». Lofigitude 40* 49' 45* W. 

10. Green, date S^ i6»» 22™ 6» ; red. decl. 4* 29' 32* 8. ; true alt 28*^ 33' 55*^ ; sum 
of logs. 19596069 ; true azimuth 8. 102'* 10' 44^ £. Variation ai° 50' 44*" W. 
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11. Time from noon 25'" 52" ; Green, date 28^ 2^ io"» 8« ; red. decl. 1 8" 55' 16* N. ; 
true alt. 69'* 22' 20* ; mer. zen, dist. 19° 51' 8" N. Latitude 38' 46' 24" N. 

12. Star's decl. 47° 36' 31" S. ; true alt. 49'' 54' 3". Latitude 7° 30' 34* S. 

13. N. 14° 25' W, ; S. 89^ 35 E. ; S. 43^ 39' W. 



EXAMINATION PAPEE— No. XIV, Pages 209—211. 

1. 3-284431 = 1925. 

2. 1*469705 = 29*4920. 

3. Tkue Courses. — S. 4 E., 21 ; S. 6J E., 14*1 ; S. i E., 67 ; N. 3J W., 5; 
N. i|E., 18*2; S. iJW.,i6-7; 8.6f W.,22-4; N.4JW., 15-3; N.,4-4; S. if W., 10*9; 
N. 4j E., 14. Diff. lat, 12*9 S. ; dep. 0*9 E. ; course 8. 4° E. ; dist, 13'. Lat. in 
34° 41' S. ; dij'. long. 1*5 E. Long, in i8° 29-5 E. 

4. Green, dale lo** 21** 5on» 40'; red. decl. i3°56'i3"S. ; true alt. 30° 33' 20". 

Latitude 45° 30' 27" N. 

5. Log. of diff. long. 2*010904 zs. Diff. long. 102*542. 

6. Diff. lat. 4202' N . ; mer. diff. lat. 4555' ; diff. long. 4847'E. ; course N. 46°46'44"E.; 
distance 6136'. 

7. I lh3'n A.M., 11^*31™ P.M. Ilb30'»A.M., II*»58«np.M. 11^ 20" A.M., 1 1^48« P.M. 

7«. 8h 7^ A.M., 8i» 30™ P.M. (Method II.) 
7*. 8''56'n A.M., 9i> 17™ P.M. (Method III.) 

8. Green, date 30^ 'j^ 41" 8« ; red. decl. 4° o' 48" N. ; true amp. E. 4° 2' 22" N. 
Variation 7° 53' 22" W. 

9. Green, date 26^ 21^ 9™ 33' ; red. decl. 21° 19' 41* N. ; red. eq. time 3'" 8«*3 subt. ; 
true alt. 43° 20' 9"; hour-angle 2^ 53™ 3i«. Longitude 1° 33' o" W. 

10. Green, date lo'* o^^ 59™ 46* ; red. decl. 4° 49' 42" N. ; true alt. 27° 35' 57"; 
sum of logs. 19*499122 ; true azimuth N. 68° 21' 26'' E. Variation 12° 4' 26'' E. 

1 1. Time from noon 30^41* ; Green, date 7*^ 18*' 31"* 53' ; red. decl. 16° 36' 18" S. ; 
true alt. 40® 4' 46" ; mer. zen. dist. 49° 22' 53" N. Latitude 32° 46' 35" N. 

Towson: Aug. I, + 8' 33"; index 81 ; aug. II, + 24' 12". Latitude 32^46' 11" N. 

12. Star's decl. 57° 9' 30" S. ; true alt. 32^ 48' 59". Latitude 0° i' 31" N. 



EXAMINATION PAPEE— No. XV, Pages 211— 212. 

>• 3'5ii573 = 324768. 

2. 1*243292 = 17*5x02. 

3. True Courses.— N. 6 E., 15 ; S. 6J E., 13*6 ; S. 6 E., 9*8 ; ^S. 2} E., 16*5 ; 
N.3fE.,22; N.6iE.,7*8; S.7|E.,8*4; S.7JE., 13*8; N.JW., 18*5; N.7iE. 14-3; 
N. 5 W., 22*2 ; N. 7f E., 31*2. Diff. lat, 341 N. ; d^. 113*1 E. ; courie N. 73° E. ; 
dist. 117. Lat. in 35° 46' S. ; diff. long. 140' E. Long, in 54° 25' "W. 

4. Green, date 2o<i 19*^ 18™ 40'; red. ded. 19® 57' 17* 8.; true alt. 800 28' 59*. 
Latitude 2^° 2%' 18* 8. 

5. Log. of diff. long. 1*909671 = LHff. long. 81*3215. 

6. Diff. lat. 731' 8.*; mer. diff. lat. 733'; di f. long. 1 259' E. ; course 8. 59* 47' 30* W. ; 
distance 1453'. 

7. No A.M., C^ 8" P.M. O^ 5™ A.M., O^ 32™ P.M. No A.M., O** 24°» P.M. 

'ja. 6^ 4"» A.M., 7*» 3°» P.M. (Method II.) 
7^. No A.M,, 0^ 3™ P.M. (Method III.) 



3)6 Air&WEBs. 

S. Gxeen. date i6«» 8»» a« H'; wd. decl. 20** 48' 33* S. ; true amp. W. iff 5' 47"S. 
Varialion 230 9' 47* W. 

9. Oreen. date 4** ia>» 33» 40*; red. decl. 22** 31' 52* N. ; true alt. 28* 18' 52*; 
red. eq. time »i*bt. i"» 54* ; hour-angle 3^ 52™ i6». Zotiffitude 113° 2' 30* E. 

sa Green, date 9'» 14^ 58" 46' ; red. decl. 17* 8' 17* S. ; true alt. 6' 11' 26' ; sum 
of logs. 19 303669; true azimuth S. 53° 18' 16" E. Variation 7* 11' 44* E. 

11. Time from noon 9" 5*; Green, date 8<* 3>» 31" 43*; red. decl. 22° 10' 51" S. ; 
true alt 76® 57' 49" ; mer. zen. dist 12° 53' 4* S. Latitttde 35° 3' 55" S. 

12. Star's decl. 16° 32' 18" 8. ; true alt. 37° 45' 59". Latitude 35° 41' 43" N. 

13. S. 46° aa' E. ; S. 41° 12' W. 



EXAMINATION PAPER— No. XVI, PagM 212—214. 

I. Log. of product 6*447933 =: product 2805000. 

a. Log. of quotient 4-986680 = quotient 96979*5-(-. 

3. TttUB C0UB8E8.— N. s\ W., 15 ; N. 4i W., 86 ; N. 4J W., 14*2 ; N: 5} W., 65 ; 
N.5iW.,ii; S.6JW.,i5-9; N.4iE.,8; N.6W.,7-3; N.6JW.,6-4; N.2jW.,6-4; 
N.4E.,2-8; S.3iW.,2-4; N. i}W.,3-3; S.3}W.,6-8; N.JE., 12-5; S.6}W.,6-7; 
N., 64 ; N. 5 W., 5 ; N. 5} W., 53 ; 8. 4J W., 19. Biff, lot, 484 N. ; dep. 104-5 W. ; 
<»Mr«!N.65° W.; dist. 115'. Lat. inss° 38-6'S.; diff, hag. 187 W. Lotig.in^i'' ^W. 

4. Green, date 1865, December 31** la^ 48'" 24*; red. decl. 23° 2' 30" S. ; true alt. 
83° 52' 24'. Latitttde 16° 54' 54" S. 

5. Diff. long. 1924 W. Long, in 182° 29' W., or 177° 31' E. 

6. Diff. lat. 2747' S. ; mer. diff. lat. 29 19 ; diff. long. 6340' W. ; course S. 6f 16' 42* W.; 
distance 6569'. 

7. 9*» 17" A.M., 9^' 3"* P.M. 4'' 31'" A.M., 4*» 53"» P.M. 
7«. 6'' 52«» A.M., 7'* 23" P.M. (Method II.) 

7*. 8'> 23«» A.M., 9'" I*" P.M. (Method III.) 

8. Green, date November 3** 17** 28™ 30'; red. decl. 15° 23' 35" 8. ; true amp. 
E. 22° 45' 20' 8. Variation 16° 37' 10" W. ^ 

9. Green, date August 31** 19^ 54™ 30* ; red. ded. 8° 15' 26' N. ; eq. time — o" 8* ; 
true alt. 15° 25' 43" ; hour-angle 4^ 45™ 3i«. Longitude 10° 2' 15" W. 

10. Green, date May 3i<* 16^ 13""; red. decl. 22° 3' 15" N. ; true alt. 39° 20' 26"; 
true azimuth 8. 101° 43' 42" E. Variation 3° 17' 27'' W. 

I I . Green, date Apiil 1 2^* 14*' i"* 5* ; time from noon 10™ 15" ; red. decl. 9* o' 1 7" N. ; 
true alt. 80° 43' 11" \ nat. no. 988. Latitttde 0° 4' 56'' N. 

la. Star's decL 60° 16' 34" S. ; true alt. 9° 52' 32'^ Latitude 19° 50' 54" N. 



EXAMINATION PAPER— No. XVH, Pages 214—215. 

I. Log. of product 3*955448 = product 9025*0. 
a. Log. of quotient 3*954292 = quotient 9001*0. 

3. TiiUB CouBSEs.~8. 6J E., 23; N. J W., 12*2; N. } W., 15*9; S. 6E., 6; 

s. s\ E., 3 ; s. 3j E., 3 ; s. 4j w., 4-5 ; s. 7? w., 3 ; s. 3i w., 3 ; N. 7i w., 37-8; 

N. 6i W., 10. Diff. lat. 16-3 N. ; dep. 263 W. ; course N. 58° W. ; dist. 31'. Lat. in 
34° 12' 8. ; diff. long. 32' W. Long, in 17° 56' E. 

4. Green, date 22'* 2o^» 9™ ; red. decl. 0° 6' 52' 8. ; true alt. 84° 21' 18", Latitttde 
f 45^ 34 " S. 



▲IfSWEBS. 



as? 



5. Diff. long. 220-9 E., or 3" 41' E. Long, in 3° i' B. 

6. Diff. lat. 2531' S. ; mer. diff. lat. 2701 ; diff. long, 7433' E. ; cowrae S. 70° i' 47* E.; 

tHisfance 741 1'. 

7. 11^ 26™ A.M., 1 1*> 54™ P.M. 2^ 28" A.M., 2^ 56'" P.M. 4^ 54™ A.M., 5^ 22™ P.M. 
1^- O^ 55"" A.M., I^ 17™ P.M. 2^ 35™ A.M., 2^ 57™ P.M. 

']h. Correction 4- lo™, 7^ 55«» a.m., 8*» 25™ p.m. 

8. Green, date Nov. 4'* 21^ 23'" ; red. decl. 15° 44' 57" S. ; true amp. W. 16° 52' 24"S. 
Vftriation 19° 41' 21" E. 

9. Green, date Aug. 5*^ 8*» 8™ 45* ; red. decl. 16° 49' 41" N. ; red. eq. time + 5" 4^* J 
true alt. 35° 16' 45' ; hour-angle 3^ 54™ 6». Longitude at sight 179° 17' 30" W. ; diff. 
lonq. since 55^ 42'. Longitude at noon 180° 13' 12" W., or 179° 46' 48" E. 

10. Green, date Aug. 13^^ 2*» 20"" 40" ; red. decl. 14° 34' 38" N. ; true alt 27° 27' 29' ; 
tme azimuth N. 50° 19' 48" E. Variation 15° 19' 48" E. 

11. Green, date June ii<^ 19^ 42" 30"; time from noon 31™ i8»; red. decl. 
23^ 10' 2' N. ; true alt. 50° 14' 43'; nat. no. 82.35. Latitude 15° 50' 37" S. 

12. Star's decl. 22° 49' 41" N. ; true alt. 60° 23' 4". Latitude 52° 26' 37 " N. 



EXEECISE8 ON THE CHAET. 

FOR ONLY AND FIRST MATES. 
North Sea, Page 225. 



I. 


Course W. i 8. Dist. 49' 


3- 


„ S.W. iW. „ 163 


5- 


„ S.byW.fW. „ 19 


7. 


„ S.W.JS. „ 67 


9- 


„ S.E.iS. „ 149 



2. Course S. by W. Dist. 34' 

4. „ N. JE. .„ 35 

6. „ W. byS. JS. „ 41 

8. „ S.W.byW.(nrly)„ 75 

10. „ S.E. by S. „ 50 



English anS^Bristol Channels and South Coast of Ireland, Page 226. 

Course S.E. by E. Dist. 43' 



r. 


Course S.W. by W. 


Dist. 


. 21' 


a. 


3- 


if 


N. by E. i E. 




44i 


4. 


5- 


ft 


S.E. i E. 




34 


6. 


7- 


}) 


N.N.E. i E. 




25i 


8. 


9- 


if 


E. by N. i N. 




36 


10. 


11. 


>» 


E. by N. i N. 




50 


12. 


13- 


>> 


N. by W.fW. 




65 


14. 


15- 


f> 


E. JS. 




76 


. 16. 
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n 



» 



>f 



ft 



S.S.E. ^ E. „ 


37 


N.byVV. (nrly.) „ 


30 


N.E.JE. „ „ 


72J - 


N.byW.JW. „ 


16 


S.E. i E. 


77 


N. } W. 


67 


E. } S. 
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ORDINARY MASTER. 
North Sea, Pages 226 — 227. 

1. Lat. 55°i5j'N. Long. i°n'W. Course S. S.W. Distance 34 

2. „ 57 16 N. „ I 28 W. „ S.S.W. JW. „ 96 

3. „ 60 4 N. „ o 24 W. „ S.W. J S. (nearly) „ 159 



» 



53 20 N. 
XX 



ft 
ft 

n 



I 36 E. 



f> 



N.N.W. i W. 



ft 
ft 
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Jb^fitA and Brittol Chatmdt and South Coatt of Ireland, Page 127. 
I*t. 49° 48' N. Long. 6° 7j'W. Contse B. by S. Bistouce 3 



«4=N. 


„ . 1 W. 


, S.E, J E. 


J° JS N. 


,. S5 W. 


, N.W.byW, JW. 


io 3. K. 


,. 1 JoJW. 


, N.W. by W. 


SI "5 N, 


,. 4 S9 "W- 


. N.N.W. i W. 


49 JiJN. 


., S 3S ^• 


. N.W. by W. i W. 


SI 47 K. 


„ 7 4.1 W. 


W. by N. 



SOUNDINGS. 

Hau-raitoe, Piife 331. 

I. 9 foet S inohtia. 



Dbpths, &o., Page 231. 

I. Time from high water i"" JT" ; half-range (br day i8 feet s inclieB; 101)166 + 
1 1 feet 1 1 inches. Depth of water leqnired 5J feet 6 iachea, or 9} fiithomB. 

1. Tine from high watsr ill 48°>; half-range for day 10 feet j inches; tahle B 4- 
6 teet t inch. Depth at Fairway Buoy 34 feet 7 inches, or 5} fitthoma, 

J. Tine bt/m-e high water 3'' lo™ ; half-range for day 11 feet 7 inches ; table B 
— I fix* I inch. Depth 14 feet ( i inches. 

4. Time JyWe high water o'' 1 9" ; correction to low w»t«r 43 feet 6 inches. The 
ship fbnnd 4 feet 6 inohea dry. 
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16, MARKET PLACE, SOUTH SHIELDS, 

UKDER THE SUPERINTENDENCE OF 

MR. THOMAS L. AIN8LEY, 

(Author of "A Guide Book to the Local Marine Board," "The Examiner in Seamanship," 
** A Manual of the Local Marine Board Examinations," &c. 

Captains and Officers of tlie Merchant Service prepared for passing 

the Marine Board Examination. 

TEEMS: £ s. d. 

Master (Extra) 3 3 <> 

Master (Ordinary) 220 

First Mate 220 

Only Mate i 10 o 

Second Mate i i o 



t 



NAVIGATION AND TEIGONOMETEY. 

I. A Course of Navigation, viz :— Latitude by Meridian Altitude of Sun, Moon, and Star £ s. d. 
— ^by Altitude of Sun near the Meridian— by Two Altitudes of Sun — Sumner's Method 
of Double Altitudes, and by Altitude of Pole Star out of the Meridian ; Variation of 
the Compass by Amplitude and Azimuth ; Longitude by Chronometer and by Lunar 
Observations ; and the use of the Sextant and Charts 440 

n. A Course of Navigation, as above, with Plane Trigonometry 6 6 e 

m. A Complete Course of Practical Navigation, including all the Methods employed in 
Nautical Astronomy for determining Latitude, Longitude, Variation of the Compass, 
Error of Chronometers, &c. ; together with Plane and Spherical Trigonometry, and 
their application to Navigation and Nautical Astronomy 880 



Courses of Arithmetic, Algebra, Geometry, Trigonometry, (Plane and Spherical) 

Surveying, &c. on moderate Terms. 



Lessons on Fhysieal Geography ^ Meteorology , Law of Storms, ^c. 



OFFICEBS OF THE BOYAL NAVY PBEPABED FOB COLLEGE EXAMINATION. 



Instruction given on the use of all Meteorological, Nautical, and Mathematical 

Instruments, Charts, ^c. 



The Fees are paid at Entrance* Persons who cannot stay to complete a Cohtm 
of Instruction, may return for that purpose, without any additional expense. 
A separate Apartment for Masters. 



PRICE 3«. 6rf., WITH THE ELEMENTS FROM NAUTICAL ALMANAC 

FOR 1861, 



A MANUAL 



OF THB 



LOCAL MARINE BOARD 

EXAMINATIONS. 



OEDINAEY AND EXTRA. EXAMINATIONS. 



B7 THOMAS L. AINSLET, 

Teacher of Navigation. 

IN THE PRESS, 

A GUIDE BOOK 

TO THE 

EXTEA MASTER'S EXAMINATION, 

BY THOMAS L. AINSLEY. 

THIS Work, which is intended for the use of Captains desirous of passing the 
Extra Examination, has been prepared at the urgent request of numerous 
Teachers of Na>'igation. It contains Mod^ Solutions of the various Problems 
required of Candidates, with nimierous Exercises to etich Problem, together with 
a variety of Examination Papers. It also contains chapters on "Revolving Storms," 
*^ Great Circle Sailing," &c., in short, all the information requisite to enable a 
l)er8on tQ obtaia a Certificate of Competency of the hiffHtest grade issued by the 
IV)ard of Trade. 

PRICE 18. 6d., 
THE 

EXAMINER IN SEAMANSHIP, 

BY THOMAS L. AINSLEY. 

LONDON : 

PUBLISHED BY B. H. LAURIE, 53, FLEET STREET ; CHARLES "WILSON, 
(Lafk Nokie & Wilson) 157, LEADEIHIALL STREET, JAMES IMRAY & SON, 89 and 102, 

MINORIES; J. D. POTTER, 31, POULTRY. 

LIVERPOOL : G. PHILIP & SON, CAXTON BUILDINGS. 

GLASGOW : J. LUMSDEN & SON. 
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